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•AHoiltefi 
OBIECTIVE REALIZED 

in cltemotkeH<vp4f 

BACTERIAL INFECTIONS 


I T HAS BEEN demonstrated that a number of organ- 
isms are susceptible to the action of Neoprontosil 
and Prontylin. These include hemolytic streptococcus, 
meningococcus, gonococcus and certain members of 
the typhoid-colon group. Evidence is also accumu- 
lating regarding the value of the sulfonamides in 
the treatment of a variety of other infections including 
undulant fever, pneumonia (chiefly type III), ulcera- 
tive colitis and gas gangrene. Moreover, clinical and 
laboratory experiments are in progress which promise 
to open still further the field of investigation with these 
potent medicaments. 

Pamphlets giving details regarding use as well as contra- 
indications and side effects sent to physicians on reguest. 

HOW SUPPLIED — Neoprontosil Sterile Solution (2.5 per cent 
and 5 per cent), ampules of 5 cc., boxes of 5 and 50; bottles 
of 50 cc. with rubber diaphragm stopper. Also (2.5 per cent 
solution only), ampules of 10 cc.. boxes of 5. 

Prontylin tablets of 5 grains and 7 Vi grains, bottles of 
25. 100 and 1000; repurified powder, bottles of 1 oz. 

NEOPRONTOSIL • PRONTYLIN • 


Tradoznork 


Dlsodium 4-sulfamido*phonyl-2-azo- winthr^ 
T-acetylornino-l-hydroxynaph* 
thalono 3.6 disulfonatc 

SOLUTION FOR INJECTION 


Hog. U. S. Pat. Off. & Canada 

Brand of SULFANILAMIDE 
p-Aminobenzenesulfonamlde 

TABLETS FOR ORAL USE 


WINTHROP CHEMICAL COMPANY, INC. 

Pharmacculicals at meril lor the physician 
new YORK, N. Y. WDfDSOB, ONT. 

Factoriei: Reniseiaer, N. Y.— Windsor, Onl. 
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FIVE-O 


CATGUT 


Fl\'E-0 CaTGVT (ooooo) differs 
from any material previously produced in 
fineness of siv.c — coupled with exceptional 
strength, gradual absorption rate, and free- 
dom from reaction. 

It was developed in connection with the 
study of prohlems in the approximation of 
delicate or membranous tissues, conducted 
by Doctors John O. Hower,John C. Hums 
and H. A. Mengle at Temple University, 
and presented at the 193S convention of 
the American Medical Association. 


In the gastro-intestinal and biliary tracts 
and in similar structures, Five-O Catgut 
offers the following advantages — close and 
accurate spacing of sutures with better 
apposition and hemostasis — ■ a marked 
reduction in trauma — prolonged retention 
— rapid structural consolidation through 
minimal tissue reaction. 

It is available in 28-incIi lengths with 
straight or half-circle Atraumatic needles, 
and in the standard 60-inch length without 
needles. Boilable and non-boilabie. 


DAVIS S: GKCK, INC., BROOKLYN, N. Y. 
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TRU-Clif 






American Made MICHEL WOUND CLIPS Nickel Silver 

The Dependable Suture 

Mieliel 'Woimd Clips are made of high grade fcnipercd nickel silver. 

The correct stitTncss of metal makes them especially easv to apply. 

The points are perfectly tapered and will not break off, so that tlie 
clips stay in position until removed. 


No. 903. Large size, 18 mm. or 11/lG inch., @ $5.30 per 1000 

No. 902. Jlcd. size, IG mm. or 5/S inch., @ $5.20 per 1000 

No. 901. IMcd. size 14 mm. or 0/1 G inch., @ 84.50 per 1000 

No. 900. Small size, 11 mm. or 7/lG inch., @ §4.00 per 1000 


J. SKLAR MANUFACTURING CO. Brooklyn, N. Y. 


COOK COUNTY 

GRADUATE SCHOOL of MEDICINE 

(IN AFFILIATION IVITH COOK COUNTY HOSPITAL) 

Incorporated not for profit 

Announces continuous courses 


IMEDICINE— Personal Courses and In- 
formal Course starting every week. 
Two IVeeks Course in Internal Jledi- 
cine starting October 17tli. 

SURGEBY — General Courses One, Two, 
Three and Six Months; Two Weeks 
Intensive Course in Surgical Tech- 
nique with practice on living tissue; 
Clinical Courses; Special Courses. 
Courses start every Monday. 

GYNECOLOGY — Two Weeks Course start- 
ing- October lOtli. Gynecological 
Pathology by Hr. Schiller starting 
October 24th. 


OBSTETRICS— Two Weeks Intensive 
Course starting October 24th. In- 
formal Course starting every week. 

FRACTURES & TRAUMATIC SUR- 
GERY— Informal Course every week; 
Intensive Formal Course starting 
February 6th, 1939. 

DERMATOLOGY AND SYPHILOLOGT 
— Clinical Course starting every week. 

CY'STOSCOPY— Ten-day Practical Course 
rotary every- two weeks. 

GENERAL, INTENSIVE AND SPECIAL 
COURSES IN ALL BRANCHES OP 
MEDICINE, SURGERY AND THE 
SPECIALTIES EVERY- WEEK. 


Teaching Faculty— Attending Staff of 

COOK COUNTY HOSPITAL 

Address: Registrar, 427 South Honor© Street, Cblcago. Illinois 
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OPERATIVE PROCEDURE 


PLATE NO. 86 

Vaginal Hysterectomy 



Absolute sterilization by heat, without impairment of tensile strength, is the daily 
production standard of Ethicon Sutures. As taken from the sterile tubes, they possess 
more tensile strength than is required to ligate the largest human blood vessel or to 
suture the densest human tissue. Ethicon Sutures are produced by e.xclusive procedures, 
from the raw material to the final stage of packaging and inspection in our laboratories. 

They are supple, smooth and uniform. 


ETHICON 


NON-BOILABLE 

CATGUT 


SUTURES 


JOHNSON & JOHNSON. NEW BRUNSWTCK, N. J., CHICAGO. ILL. 
MASrrACTIfRF.RS OF SVRniCM. SVTVRF.S SINCE IS/17 
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REGULATION 


Regulation of the daily program, espe- 
cially diet and exercise, is beneficial 
to normal bowel movement and in 
some cases of constipation serves as 
sufficient treatment. Others require 
additional aid to facilitate regular 
evacuation. 

When an adjunct to diet and exer- 
cise is required, as it frequently is, 
Petrolagar provides a mild but effec- 


tive treatment. Its' miscible properties 
make it easier to take and more effec- 
tive than plain mineral oil. Further, 
by softening the feces, Petrolagar in- 
duces large, well formed stools which 
are easy to evacuate. 

The five types of Petrolagar afford 
a choice cf medication adaptable to 
the individual patient . . . Petrolagar 
Laboratories, Inc., Chicago, Illinois. 


Petrolaear — Liquid petrolatum 65 ec. emultified 
ii'ith 0.4 Grn, agar in a mrnstruum to make lOO rr. 


SetraW'l 
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CONTROLLED ENERGY the Goal of Setenee 




Throughout the ages. Nature 
has stored away vast quan- 
tities of elemental energy. But 
before Man can use this energy 
for his own benefit, it must be 
controlled. In Azochloramid, 
chlorine has been controlled to 
be useful for medical treatment. 



In Azochloramid, the general germicidal ability of 
chlorine is made usable by the gradual liberation of 
active chlorine over extended periods. Contrasted to 
other chlorine germicides, Azochloramid is unusually 
stable in the presence of organic matter and is rela- 
tively unaffected by dilution from bod^f fluids. 

Simple to use and easy to prepare, Azochloramid 
solutions are suitable for the treatment and prevention 
of all localized wound infections. Reduced frequency 
of applications renders them especially economical 
for office and hospital use. 

Trial quanlllies sent to phyricians on request. ■ 


WALLACE & TIERNAN PRODUCTS, fnc 

kILLEVILLE, NEW JERSEY, U. S. A. 


W — No. 24 
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for Using l^IallinckreijJit Ether- 
in th^ Small Contiiiners 
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SAFETY 

The hermetically sealed 
units aiTord maximum 
protection against fire 
hazards. 


PURITY 

Mallinckrodt patented 
solderless hermetic seal- 
ing precludes the possi- 
bility of contamination 
from air or other acci- 
dental exposure, to guard 
its high purity. 


CONVENIENCE 

The neck of the Mallin- 
ckrodt container has a 
taper bore which accu- 
rately fits a standard cork, 
permitting perfect re-stop- 
pering as well as affording 
convenience in dispensing. 


Mallinckrodt Ether for Anesthesia is free 
from aldehydes, peroxides, acids and all 
other toxic impurities. The small containers 
V2» and 1 lb. units) hermetically sealed 
tvithout solder, help maintain this original 
purity. 


CHICAGO 

PHILADELPHIA 


CHEMICAL W'ORKS 



2nd & Mallinckrodt Sts. 70-7A Gold Street 

St. Louis, Missouri New York, N. Y. 


MONTREAL 

TORONTO 


M A K i; n S OF FINE CHEMICALS 


SINCE 1867 
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ONLY THESE SOLUTIONS ARE VACOLITER PROTECT.ED 



INTRAVENOUS SOLUTIONS IN VACOLITERS 



^^S.O.D.” — Sterile on Delivery 
( and they remain sterile until you use them ) 


Baxter’s Intravenous Solutions are made 
sterile . . . stable . . . safe . . . They pass a 
score of tests and examinations. You ask 
three important things of solutions: — that 
they must be just tight when they come to 
the receiving entrance of your hospital . . . 
that they stay right on your storage shelves 
. . . that when you are ready to use them you 
can count on their being as pure, as sterile, 
as fine ... as the day they were made. 

So that you may have this very assurance. 


Baxter’s Dextrose and Saline Solutions are 
packed in the Vacoliter. They are protected 
by a metal closure, sealed air-tight against 
deterioration, contamination. This metal seal 
is tamper proof. A glance tells you when the 
seal is intact, that the solution has never been 
exposed to impurities . . . because to open a 
Vacoliter you must rfrarrey the seal. Protection 
like this is not expensive . . . yet it assures 
you of the important requisites in any intra- 
venous solution: sterility and convenience. 


The fine product of 

BAXTER LABORATORIES 

GLENVIEW, ILL. COLLEGE POINT, N. Y. GLENDALE. CAL. 

TORONTO, CANADA LONDON, ENGLAND 

Produced and Distributed on the Pacific Coast by 
Don Baxter, Inc., Glendale, Cal. 

Distributed East 0/ the Roc\ics hy 

THE AMERICAN HOSPITAL SUPPLY CORPORATION 

CHICAGO NEW YORK 




N ew therapeutic specifics represent milestones 
in medical progress, Eli Lilly and Company 
has been associated with the development of a num- 
ber of such products. However, other specifics must 
be found, and it is the program of the Lilly Research 
Laboratories to contribute to research in discover- 
ing these therapeutic agents. 




MERTHIOLATE 

(Sodium Ethyl Mcrcuri Thiosalicyl.ttc, Lilly) 

Affords maximum bactericidal 
power compatible with safety 
in clinical use. 

Tincture 'Merthiolate,' 1:1,000 
Solution 'Merthiolate,' 1:1,000 
'Merthiolate' Ointment, 1:2,000 
'Merthiolate' Cream, 1:1,000 
'Merthiolate' Ophthalmic Oint- 
ment, 1:5,000 


Eli Lilly and Company 

INDIANAPOLIS, I N D I A N A; U. S. A. 
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EXPERIMENTAL OBSERVATIONS ON THE SURGICAL 
TREATMENT OF HYPERTENSION^ t 


Harbt Goedblxtt, M.D., C.M., Ceevelakd, Ohio 


I N RECENT j'ears surgical treatment o£ hypertension has come to the 
fore. This has consisted of denervation of some organs or section of 
nerves and excision of ganglia connected ivith the vasomotor apparatus 
of the abdomen. Denervation of ilie adrenals or kidneys, section of 
splanchnic nerves, section of anterior nerve roots, and excision of celiac 
or lumbar ganglia have lieen the opei’ations of choice. Some of these 
procedures liavc l)cen comliincd with unilateral or partial bilateral 
adrenalectomy. Irradiation of the adrenals by luentgen rays and partial 
adrenalectomy alone also have been tried. It is interesting to note that 
some of the methods which were regarded as effective at ftrst were 
discarded later as useless even by the originatoi’s. It is also noteworthy 
that only the originators of each opei'ation have been enthusiastic about 
the beneficial effects of their operation and have reported poor success 
or failure with other methods. As in the case of other methods of treat- 
ment, factoi’S other than the level of the blood pressure, such as disap- 
pearance of headaclie, and otlier subjective .symptoms liavc iieen used in 
the evaluation of the effect of the treatment. The unreliability of sueli 
criteria need not be stressed. It is a striking fact that no matter what 
the type of surgical operation on the nervous system, the percentage of 
ca.sc.s in which a significant lowering of the blood pressure has been re- 
ported is about, the same for all. After all the operations the imrcentage 
of cases in which tlicrc is a return of the hloocl pro.s.sure to normal is 
relatively small. 


In evaluating the benefit of any surgical treatment, one mast not for- 
'A( the i)ossil))e effect of tlie jicriod of enforced rest wliich is involved in 


Mr. Aiox intner nnd ns.^'oeiatos of Cleveland, Ohio * Nathan Daub.v, and 

tFrom an addros? delivered a<? nart of i o* »i- 

/.'Iclor AIrnior(.-.I X-octtirefI.fi., .MlclmcJ n4se lIo.<:plill, Chiraso 
lUHvIv..,) for ruliHc.-Ulon. Afay 2. 193 S. ' 
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the operation and of tlie restriction of activity' wliicli follows. An ex- 
planation of the remainder of the beneficial effect in some eases is su{?- 
gested by the investigations that have been made on the effect of the .same 
operations on experimental hyperten.sion due to renal ischemia. Brieflj', 
this type of hyperten.sion* can be produced at will by constricting 
both main renal arteries by means of a special clamp or by constricting 
the main artery of one kidney and at the .same time, or later, removing 
the other kidney. It also can be aeeompli.shed by constricting the aorta 
above both renal arteries. If the constriction of the main renal arteries 
is moderate, but. adequate, the blood pressure remains elevated, and 
there is little or no accompanying disturbance of renal function, al- 
though the hypertension ])cr.sists for j'cars. After several years of 
hypertension, the small arteries and artei'iolcs show some thickening of 
the media and sometimes slight hyalinization of the intima, especially 
in retinal arterioles. This type is similar to the benign phase of human 
e.ssential hypertension. If the constriction of the renal arteries is made 
severe, there follows hy])ortension and reduced renal function which may 
lead to fatal uremia. The arterioles of many organs show severe changes, 
such as hyalinization, fibrinoid degeneration, and necrosis. This tpe 
resembles the acute malignant phase of human essential hypertension. 
It is upon experience with the treatment of these two types of experi- 
mental hypertension that the comments on the surgical treatment of 
human hypertension arc based. All of the operations on the nervous 
svstem that have been iicrformed on man have also been carried out on 
animals without any etfcct in preventing or permanently lowering this 
tvpe of experimental hypertension. In the anima s more extensive 
jperatious hove also boon carrio,! out. ™al s.vwat « 
and abdomc, and even pilliing h.vo had no oBcat P ; 

.ncnlal hn-e-.c^ion. Tho J 

sumably the same as in man. Theic > j 

betaveon tb. lavo. In the aniaa.Is .ho „ ,,,,L 

is effected b,- constriction of the ^ ‘ on the nervous 

clamp. This is not altered by “ ,„o effect of the 

system. In man, on .hid.ening of tho avail of 

silver clamp is produced -vniile at least that some of these 

the arterioies of the hidney. “ of the nera-on., 

vessels are merely m spasm and s state and can become 

system and that they arc, therefoie, in * „n„t..jctor effect. The con- 
dilated as a result of removal of t ic lasoc ^ improvement 

elnsion that folloavs from these “ . .part from the 

does oeenr from these operations, in all piobabU « ^ ^ 

tiuced by Renal Ischemia, Har\e> 
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effect of enforced rest, due to the improvement of the circulation 
through the kidneys and not to any effect on the rest of the vasomotor 
apparatus of the abdomen. 

As concerns interference with tlie adrenals, one can merely state that 
the experimental work up to the present time shows that removal of the 
medulla of both adrenals has no significant effect in preventing or 
lowering blood pressure. This decreases materially the probabilitj’' that 
epinephrine plays anj^ part in the phenomenon. It has been found that 
experimental hypertension due to renal ischemia is not prevented or 
lowered bj^ partial adrenalectomy, unless the amount of the cortex left 
is inadequate to support life. There is, therefore, no experimental basis 
for any surgical or other physical interference with the adrenals in the 
treatment of hj^pertension. It seems fair, in the circumstances, to sound 
a note of warning about tliis method of treatment which is still being 
]iraetieed by .some .surgeons. 

One obvious surgical therapeutic procedure which suggests itselt! 
as the result of this ivork is the possible improvement of blood supply to 
tlic functioning components of tlie kidney by increasing the collateral 
circulation. In the animals with experimental hypertension induced 
by renal ischemia, whenever there is a return of the blood pressure to a 
lower level, it is due to inadequate initial clamping of the renal arteries 
or to the development of effective accessory circulation by way of 
ureteral and capsular vessels, which may become very prominent. If, 
before constricting the renal artery, the kidney is decapsulated and 
adipose tissue or muscle is attached to the denuded cortical surface, the 
accessory circulation from tlie adhci’ent tissues liecomes very prominent 
and interferes with the development of pronounced elevation of blood 
pressure. Since, in the animals, tlie constriction is only of the main 
renal artery, such accessory circulation can be of functional significance. 
The fact that animals have survived several years the complete closure 
of both main renal arteries, when effected gradually, by increasing tlie 
constriction at intervals, is proof that such accessory circulation can be 
functionally highly effective. However, in human essential hj'pertension, 
the vascular disease most frequently involves also the afferent pre- 
glomerular arterioles, so that collateral communication with the larger 
vessels would not improve circulation to glomeruli, inicther improve- 
ment of blood supply to some glomeruli, to tubules and interstitial ti.ssue 
would occur as a result of renal decapsulation and attacliment of 
omentum, muscles, or other tis.sucs to the surface of the kidney, and 
whether it. would be effective in lowering blood pressure in human es- 
sential hypertension cannot be determined without trying tliis tj-pe of 
operation. Although I have hc.sitated to recommend it, yet there is 
probably more .instificalion on an experimental basis for making this 
te.st than there has been for some of the surgical procedures that have 
already been iiracticed. The case.s in which the surgical production of 
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accessory circulalioii M’onld Le most efi'cctivc M’ould be those in whicli 
the hj portensioii is due to sclci’osis of the main renal arteries alone or 
their A’ciy large branches. The difficulty of making a diagnosis of this 
condition is obvious, so that- unle.ss the metliod could he applied to 
essential hypertension associated rvitli renal ai'tei'iola?' selero.sis flic 
procedure would he of greatly restricted value. 

An interesting recent practical application of this work, which 
centers xij)on flic renal origin of so-called essential hypertension, has 
been the finding in children and adults of hypertension associated with 
unilateral pyelonephritis and vascular disease, and the prompt return 
of the blood pre.ssure to normal after excision of the diseased kidney. 
Until 1930, according to Bell and Pedersen, hypertension associated 
even with bilateral pyelonephritis had not been reported. Since then, 
Longcope and others have reported the occurrence of hypertension in 
some cases of bilateral pyelonephritis, and, from the meager studies 
of the kidneys, in these and in the eases of unilateral disease it has 
become probable that the hyjjertension a.ssoeiatcd with this condition in 
children and adults occurs only when there is as.soeiated vascular 
sclerosis or when the inflammatory disease ])roduees the same effects 
on renal circulation as does vascular disease. In coses of unilateral 
arteriolar nephrosclerosis with hypertension, which have been reported 
by Moritz and Oldt, if the diagnosis could bo made in life, removal of the 
diseased kidne.y might result in a return of the blood ])ressurc to normal, 
as in the cases of unilateral pyelonephritis.* Unfortunately, unless the 
production of accessory circulation would be effective, nothing but 
transplantation of a normal kidne.v or kidneys, with the removal of 
both diseased kidneys, could be expected to relieve the In^pertension 
associated with bilateral pyelonephritis or bilateral arteriolar sclerosis 
of the kidne.vs, 


Buchanan Brads' Urologlcnl Institute and Department ot Jlodi- 

•Prom the .mmes Kuc i lan u u5^ reported two cases ot hyper- 

cine of unna\eial ^ vasralar disease in which tlie removal of 

tension p .".rHulVn,, prompt return of the hlood pressure to normal. A 

similar?elult'^iias been o'^ained in a third unreported case (personal communication 
from' Prof. Hugh Toung). 



SOME ASPECTS OF BLOOD PRESSURE REGULATION AND 
EXPERIMENTAL ARTERIAL HYPERTENSION^’ 


0. Hfa'mans, M.D., Ghunt, BuLOiUJr 

(From the Department of Fharmacology, VnivcreUy of Ghent) 


F or many years physiologists have been occupied witii the study of 
the mechanisms whieli I’egulatc blood pi'cssurc. A precise and de- 
tailed knowledge of the physiologic regulation of endovascular pressure 
is the key, not only to the physiologj' of normal circulation, but perhaps 
also to the pathogenesis of chronic arterial hypertension. 

It is known that the arterial pre.ssurc is largely controlled by the ac- 
tivity of the heart, the cardiac rate, the cardiac output, the circulating 
blood volume, and, mainl.y, by the peripheral vascular resistance, the 
vasomotor tone. 

The arterial pressure is dependent upon factors which arc essentially 
labile and variable. In spite of the numerous iniluences which, in an 
unbalanced physical system, would cause extreme variations in pressure, 
fluctuation of mean blood pressure under differing conditions is strik- 
ingly limited. In may be asked, therefore, what arc the mechanisms 
which prevent such fluctuations and maintain and adjust the blood pres- 
sui’e in this precise and sensitive manner so as to control and regulate 
the circulation and nutntion of the cells, tissues, and organs of the 
body. 

In recent years experimental investigations have demon.stJ’atcd that 
the regulation of blood pre.s.sure is e.ssenlially and fundamentally an 
aufomatic, proprioceptive reflex mechmmm. In fact, the endovascular 
pressure itself regulates automatical!}’ the cardiac output, the circulat- 
ing blood volume, and the peripheral vascular resistance so well that the 
arterial pressure is maintained within or quickly restored to norma! 
limits. This honn aria sis of the arterial pressure is effected niaitilv bv 
the intermediation of tlie pressoreceptor innereation of different arterial 
and venous vascular areas. 


The early experiments of v. Cyon and Ludwig,* as well as the more 
recent researches of v. Anrep and Starling,- Ladon and myself”’"' and 
l)e Burgh Daly and Verney''- have .shorni that the cardioaortic vascular 
z...ne. .•st)eeially the aortic arch, is provided with a prc-ssoreceptive re- 
flm^nic innervation (Fig. 1). When the cndovasrmLr pressure ri.s%- 

for in tiK 
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in tlie left lieart or aortic arch, impulses ascend centripetally along the 
enrclioaortic nerves, inducing reflex cardiac slowing, diminution of 
cardiac output, and peripheral vasodilatation. On the other hand, when 
this endovascular ]>rossurc falls, the same pressoi’cceptors induce I'everse 
^asonlotor and cardiac reactions, characterized by vasoconstriction, car- 
diac acceleration, and an increase of eardiae output. These reflexes tend 
to keep a balance between hypertension and hypotension and to maintain 
normal arterial pressure. 

One knows further from the work of Cooper,' Marey,® Franeois- 
Pranck,® and Hedon'® that variations of carotid-cephalic arterial pres- 
sure iminedialcly produces cardiac and vasomotor reactions. Carotid- 



Fie. 1. — DiaBiam of the cavdioaortic and carotid sinus pressosensitive innervation. 


cephalic hypotension produced by clamping both carotid arteries mdvecs 
aoceleratiou of the heart, increase of cardiac output, and somatic vaso- 
constriction. The oppo.sitc iflieiiomena, namel.r, cardiac slowing and 
somatic vasodilatation, are responses to carotid-cephalic liypcrtcnsion. 
This mechanism of regulation of blood pressure was long attributed to 
the direct central influence of changes of blood jiressnro acting on the 
tonus of the cardiovascular centers. 

The work of Czermack” and Coneato'" and the observations of Soll- 
mann and Browid^ .showed, however, that the common carotid artery, 
particularly its bifnroation, ma.v be the origin of cardiovascular reflexes 
elicited by mechanical manipidation, such as by compression of the neck 
in the region of the cai'olid bifnrealion or by traction on the cephalic end 
of the carotid artery. 
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Tlie experiments of Pagano^^ and Siciliano’^ in 1900 had already seri- 
ously damaged the concept of direct, central automatic regulation of 
blood pressure. But their experiments, which were incomplete and con- 
tradicted by Kaufmann,'® passed almost unnoticed, and the classical 
theoi'y of the direct central regulation of blood pressure was still ac- 
cepted until 1924 Avhen new investigations, . performed mainly in the 
laboratory of Hering”- =" and in our laboratory,"'® clarified the for- 
gotten observations of Pagano and Siciliano and revealed the existence 



oi' tlu' I'lu-otiil sinus mceiianism by which the carotid blood pressure 
controls rcllexly the general arterial pressure. 

The term “carotid sinus” signifies a specially innervated area of the 
bifurcation of the common carotid artery (Figs. 1 and 2). Within this 
area arc the origins of the internal and external carotid and the occipital 
artcric.s, the eai'otid bulb (which is a bulbous dilatation at the root of 
the internal carotid), and the carotid body or carotid ganglion which 
lies between the bifurcating arteries. This region is connected with the 
c.'nlral nervous .system by means of a dLstincf group of nerve fibers con- 
stituting the carotid sinus nerves. TJie nerve fibers originate in the ad- 
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ventitifil cojit. oi <lie ai'lej’ics oJ (lie carotid hiriircalion, mainly in tlic 
carotid bulb, and in the ojidotbelial lining of the vessels of the carotid 
ganglion, as shown ciiiedy by De Castro" and Nonidez.’” 

According to a techniqnc (Pig. 3) developed in onr laboratory, one 
or both carotid sinuses of a dog are isolated in situ from the circulation, 
faking care not to injure their innervation. Such isolated sinuses then 
are really segments of vessels with intact nerve supply and these seg- 
ments may be ]ierfused cither by means of another dog or with a Dale- 
Schnster perfusing pump. In lliis majiner the pressure nothin the 
lumen of this specialized and isolated segment of the vascular tree may 
be raised or lowered. Since this segment is eonneeted to the animal only 



Fig-. 3— Technique of establishing isolatefl, innervated carotid sinuses In Pog B perfused 

by Doe A. 


by intact nerves, it can be shown that it is only b.v reflexes originating 
within this area, due to differences in pressure, that the genet a oo 
pressure is regulated. 

If the pressure inside the circulatory isolated but innervated carotid 
sinuses is increased, one observes (Pig. 4) that this rise of intracarotid 
Sm s pressure is associated with a fall of the blood pressure m the gen- 
eral eirenlatioii of the dog. Together with the fall of arteria pressure, 
there is a slowing of the heart. Conversely, if the pressure is lowered in 
i,c isolated carotid siini.s, the general blood pressure of the dog ri.se.s and 


the heart accelerates. 

These experimental observations thus demonstrate tliat the general 
arterial blood pressure is automatically controlled by means of the endo- 
vascular pressure itself acting on the pressosensitive nerve endings of 
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the carotid sinuses. The prcs-so-sensitiA-ity of tlie carotid sinus is very 
great; it lias indeed been .shouui by Koch-'' and by my co-workers and 
myself' that, in the carotid sinus of the dog, an increase or a decrease 
of even 1 mm. mercury pressure from the normal arterial pressure is 
suffieicnt to produce reflex compensatory changes in the genei-al blood 
piussure. hloreover, Bronk and Stella-^ could register action potential 
variations from tlie carotid sinus pressoreceptors Avith each s.ystolie- 
diastolic variation of carotid sinus pressure. 

Let us analyze briefly the components of these proprioceptive mech- 
anisms of blood pressure regulation ])y the aortic and especially the 
carotid sinus pressoreceptor reflexes. 

The regulation of tlie heart rate depends mainly upon reflex changes 
in the vagus tone and to a slight degree upon changes in the sympathetic 
activity. 



r le. 4. — Dogs A and E pvcparei! according to the teclinlque shown in Fig. 3. Upper 
curve heart rate o£ Dog B-. middle curve, blood pressure o£ Dog A perfusing the 
c.T.rotla sinusc.s of Dog B; iower cur\-c. femorai blood pressure of Dog B. At ^a; 
aurenallno hypertension in Dog A. and hence in the carotid sinuses of Dog B. Induces 
heart slowing .and liypotcnslon in Dog B. 


The control of the circulating blood volume and the peripheral vascu- 
lar resistance is mainly due to reflex changes in the arterial and venous 
tone and also to the changes in the tone of the arteriovenous anasto- 
mosc.s. 

'rims, ivc find that an increase of carotid sinus pressure produces 
reflex arierial ami venous dilatation and a reduction in caliber of the 
;u-t<-riovcmms auastomo.se.s. A lowered carotid sinus pressure produces, 
on the othei- hand, a I'cflex arteriolar and venous constriction and an’ 
oiicning of the arteriovenous anastomosc.s. 

By means of vai-ions experimental methods, it lias been siiown' that 
liicsc vascular reactions occur, to a certain extent, in the periplieral 
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vontitial coat of llic arlerics of the carotid hifurcation, mainly in the 
eai'otid hiilb, and in the endothelial lining: of the vessels of <hc carotid 
ganglion, as shown chiefly by Dc Castro'*'' and Nonidez.'” 

According to a technique (Fig. 3) developed in our laboratory, one 
or both carotid sinuses of a dog arc isolated in situ from the circulation, 
taking care not to injure their innervation. Such isolated sinuses then 
are reallj' segments of vessels with intact nerve supply and these seg- 
ments may be perfused cither by mca)is of another dog or with a Dale- 
Schustcr perfusing pump. In this manner the pressure within the 
lumen of this specialized and isolated .segment of the vascular tree may 
be raised or lowered. Since this segment is connected to the animal only 



by intact nerves, it can be shown that it is only by reflexes 

within this area, due to differences in pressure, that tlie general blood 

pressure is regulated, _ 

If the pressure inside the circulatory isolated but iniieijated carotid 

sinLs is S ased, one observes (Fig. 4) that this rise of intracarotid 
sinuses is incieascu, pressure in the gen- 

sinus pressure is associated a faU 

eral circulation of the dog. lowered in 


tlie heart accelerates. * * , 

These experimental observations thus demonstrate that the general 
arterial blood pressure is automatically controlled by means of the endo- 
vascular pressure itself acting on the pressosensitive nerve endings of 
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anism. Indeed, experimental observations with Bovtckaert and 
Nowak==’ =* have showm that the reflex neurovascwlar regulation of the 
Mood pressure occurs quite well in the absence of the suprarenal medul- 
lary secretion. The increased discharge of adrenaline in response to 
lowered carotid sinus pressure is thus compai'able to the increased re- 
lease of adrenaline in response to emergencies, as demonstrated by 
Cannon 

Finally, another group of experiments has permitted ns to assert that 
the carotid siims zone, as well as the eardioaoidic ai’ea, is provided 
with a reflexogenic innervation which is not only pressosensitive but 
also chemose.nsitive, so that changes in oxygen or carbon dioxide con- 
tent in the blood and also the pi-esenee of several pharmacologic sub- 



KIk. li. — DliiKram of the circulation and of the rellex neurovascular, neurocardiac, 
and adrcaallne rcKuhitlon of hc.'irt rate. va.«cul.‘tr tone, and blood pressure by nieaii.s 
of the cardtoaortlc aiut carotid sinus pre.s.so- and chcmorcceptive mechanisms. 


stances in the arterial blond euii influeuee. b,v meauK of carotid siiurs 
and aovtie reflc.ves. the aetivity of the cardiovascular centers and thus 
modify the genevnl blood i)re.ssure. Tliesc e!ieinoreceptor.s of the 
carotid sinus are localized (Fig. 5 ) in the gloiims caroticinn. annexed to 
the carotid hifurealii.n. and are quite different from the (ire.s.soreeeptoi-s. 

Fig. G shows .sehenialieally the afferent and efferent pathways of the 
proiirioeeptive meeliani.Miis of cardiovascular regulation by means of tlic 
earotid sinus and eardioaortic pre.s-.so- and chenio.sen.sifive areas 

Another question pre.senls itself a! this point: .Vre the eardioaortic 
nml tdirotul sinus va.scular zones the only regions provided with reflexo- 
geiiie pre.ssosensitivity and aide to lake part in the proprioceptive rcmi- 
tmn of heart rale, v.-iseiilar lotte, and blood pressure? 



KIIIKJEKV 


‘l!J2 


vessels, but take jilaee mostly in the spiaiielinic ami; that is to say, 
the mesenteric vessels, the sjileeii, liver, intestines, and kidneys. 

Coneerniiif^ the reflex regulation of the venous vascular tone by the 
carotid sinus pre.s.soreceptive reflexes, the invesligations of Flcisch" and 
myself ivitb Bouckaert, and liegniers"' sliom tliat tlie mesenteric 
veins, isolated from general circulation but jicrfused in situ by means 
of Donegal! 's teeb,ni(jue,, eoniract reflexly in re.sponsc to a loivering 
of carotid sinus jire.ssnre and dilate if the .sinus pre.ssure is increased. 
Thus, both tile tone and the capacity of the abdominal venous reser- 
voirs are controlled reflexly and automatically by tlie arterial blood 
pressure acting on the pressosensilive carotid sinus nerve endings. 

The arteriolar and venous vascular tones are regulated not only by 
the carotid sinus and aortic reflexes by means of neurovascular influ- 



ences, but also by reflex alterations in the adrenaline output. Our ex- 
periments^- = showed indeed that, when the pressure rises in the carotid 
sinus, the adrenaline discharge of the suprarenahs is reflexly i;edueed ; 
when the carotid sinus pressure is lowered, more adrenaline is libetated 

blood p»0, by ootins the p.'ooso.-ecoplo™ 
of the oorotld oiDUS, p.-orides one of the „ocl»...oni. for regnlat.ns (ho 
secretion and discharge of adrenaline, and thus furtliei eontioh, in a 
humoral manner, the vascular tone, the lieart rate, the circulatory blood 
volume, and probably also the caliber of the arteriovenous anastomoses. 

I wi.4i to point out that this suprarenal hormonal regulation of the 
ciiculafion by the carotid sinus is onlj- an aece.ssory regulating meeli- 
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Fig. 7 slioivs sehematically tlie main functions of tiie pressosensitive 
reflexogenie vascular areas in the proprioceptive cardiovascular regula- 
tion. 

After this review of tlie proprioceptive mechanisms of the regulation 
of general blood pressure, I propose to examine the significance of these 
meelianisms in the patholog 3 " of chronic aifei'ial hj'pertension. 

Tlie cardioaortic and carotid sinus nerves not onlj^ are the means of 
the automatic pressoi’ceeptive reflex I'egulation of general arterial pres- 
sure but also are the buffer or moderator nerves of the blood pres- 
sure.'^’ In fact, functional suppression of the aortic and carotid 
sinus nerves produces immediatel.v an intense arterial hj’pertension ; in 
dogs the pressure maj' rise from 130 to 250 to 300 as a consequence of 
the section of the aortic and carotid sinus nerves (Pig. 8 7). This 
marked increase of blood pressure is due to the release of vasoconstrictor 
and cardioaceelerator centers, the activity of which, under normal condi- 
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lions, is permanently moderaled reflexly by the aortic and carotid sinns 
nerves. The moderator tone of these nerves is maintained and regulated 
hy moans of the pressure and the chemical constitution of the blood act- 
ing on the presso- and chemosensitive nerve endings of the cardioaortic 
and carotid sinus vascular areas,'’ 

In dogs my co-worlicrs and 1'”*- liave ohserved arterial hjqiertension 
maintained at 250 to 300 for periods of nine to Iwenti'-six months after 
section of tlie cardioaortie and carotid sinus moderator nerves (Pig, 9). 
Tlie same ohservation has heen made hy NoNvak'"’ on dogs up to three 
years afli’r section of tlicsc moderator nerves. If, in a certain number 
of animals, section of the cardioaortic and carotid sinus nerves produces 
•mly a lemponiry hypertension, this is due to tlie iit’cscuce of aeces- 
M.rv fibers of the eardioaortie nen-es in t),e vagus, or beean.se in cer- 
la.ii animals the pulmonary and mesenteric intestinal pressosensitive 
nerves may take over the moderator function of the cardioaortic and 
carol id sinus nerves. 



Experimental observations by Bainbridge™ and by IMcDowall-' liavc 
shown that the riglil auricle, as well as the venae cavae at their entrance 
into the heart, arc provided with receptors through which pressure 
changes in the venous system inflnenec rcticxly tl 7 o heai-t rate and the 
arterial vascular tone. 

Mci-e recently tjeliwieglc-'^ showed that the bi-anehes of the pulmonary 
artery also are endowed with J'ctlexogenic ]7ressosensitivity rcgulatiiig 
the heart rate and arterial vasomotor tone. Inci’ease of pressure in the 
pulmonary arterial system causes reflex heart slowing and arterial 
vasodilatation, while lowering of pulmonary arterial pressure provokes 
the opposite cardiova.seuhir i-eactions. 

The centripetal jiathways from thc.se venoaui’icular and pulmonary 
ai’tei'ial pi-cssoi'cccptoj-s are found in the eei'viea! vagus nerves. 

In 1929 we observed/ however, that exj)erime7ital suppression of t} 7 c 
cardioaortie, carotid sinus, a77d ec7-vieal vagus nerves did not abolish 
completely the proi)rio7’ecoi)tivc 7necha777si7i of cardiovascular rcgulatio77. 
Indeed, in a dog deprived of the pressosensitive i’eflexogC7iic iiinervatioii 
of tlie cardioaortie, 0i7TOtid sinus, ve77oa777'je77]ar, atid pul777 0 77 a7y zones, 
the elevation of geiieral arterii7l ])ressurc still i7iduecd con7pe77satoiy 
reactions characterized l),v vascular dilatation and diminution of adrena- 
line output. In the same 7U7imal ai-tcriai hypofeiision s(a7'fec? the op- 
po.site compensiitory reactions of vascular co7istrietion and increased 
adrenaline secretion. This proprioceptive adaptntio7i and eo7itrol of 
vasomotor tone by the blood pressure is not of direct central origin. 
These reactions still persist in the “spinal” animal. 

Experime77ts employing sevei-al different Tuethods have pennitted us, 
with the collaboratio7i of BouckaeiT, Pa7'be7’, Hsu, a77d Wierzuchow- 
gki,=!'. 30 tijjjt, in the dog deprived of carotid sinus, cardioaortie, 

pulmonary, and venous pressosensitive zones, as in the spinal animal, 
the proprioceptive regulatio.n of vascular tone occurs through presso- 
sensitive reflexes originating mostly fi'om the vascular territory of the 
celiac and mesenteric arteries, and secondly from the territory of the 
thoracic arteries. These vasomotor reflex responses to blood pressui'e 
variatio77S may arise in part from the mesenteric pressoreceptors located 
i 7 i the Pacinian mesenteric corpuscles, as shown by Gammon and 
Bronk,®^ who recently registered centripetal action cuiTe77ts, 7'chitcd to 
blood pi’essu 7 ’c changes, from these orgaiis. 

These expci'ime 77 ts raise anotlier qnestioii: Are all vessels provided 
mith reflexogenic pre.ssosen.sitirii.v ? Tl,e7-e m-c expei'imental facts which 
n 7 a]cc it iiossihlc to a 77 swev in the negative. Pi-opnocept7ve regi7latio7i 
of general vascular toi7u.s i.s effected through reflexes, the pi-essoreeeptors 
of ''which arc .situated only in certain well-localized vascula?- a7-eas; 
nnmelv, tlie carotid sinus, cardioaoi-tie. vc7ionu7'ieular, pulmo7iary arte- 
i-ial, and tlioracieo.splanehnie zonc-S. 
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inoregulalion, tlio psychic and inotov behavior of these totally syinpa- 
thectomized dogs were, however, normal as also shomi by Samaan,^^ 
Brouha, Cannon, and Dill.®® After each operative stage of the sympa- 
thectomy, the animal passes, of course, through a period of one or two 
weeks of general depression; the blood pressure is lowered as a con- 
sequence of the removal of an important part of the vasomotor tone of 
central origin. Soon, a progressive rise in peripheral vascular resistance 
is restored by means of a vasopressor mechanism, originating, in part, 
in the sympathetic synapses located more peripheral to the para- 
vertebral chains, and in the vascular wall. Thus the general blood pres- 
sure rcturas to normal levels. At complete rest, the blood pressure of the 
totally sympathectomized dog, however, may be somewhat under the 
mean level of normal dogs as a consequence of the slow rate of the heart 
deprived of its sympathetic innervation and controlled only by tlie ^•agaI 
eardioinhibitory tone. 
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PJk. 9.— Blootl prcsstire of six dosrs before ami after section of the four moderator 

nerves. 


The (jne.stion arises; Is the experimental hypertension induced by e.x- 
elnsion of the moderator nerves related to permanent clinical bniertcn- 
siont Wc can, at least, answer a part of this question in the negative. 
This form of experimental liyiiertension varies from the typical nephro- 
pathic variety, hut vesemhles more clo.scly Die .so-ealled “essential neuro- 
genie liyperlension.” Tins suggests that a funelional deficiency of the 
moderator nerves, citiier in the region of the vasoconstrictor centers, in 
tl.e region of tlie jieriplieral pre.s.sorecep{ors, or hi the region of the periph- 
eral vasoeonslrietor nerves, could he the underlying cause for essential 
hypertemsiou and that .surgical inlermiition of the efferent vasopressor 
sMupnthetie nerve jialhs iniglit lie indicated in this condition of “nenro- 
genie ’ hypertension. 
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llie degree of hypertension which develops after section of the mod- 
erator jierves depends mainly upon the sympathetic vasopressor tonus. 
This tonus is an index of the state of activity in the cortical psvehomotor, 
hypothalamic, and bulbar centei-s, as well as the result of a series of 
humoral and cellular factors among whicli are the blood supply to the 
sympathetic centers and tbe CO, and oxygen content of the blood. 

• With Baeq, Brouha, and Boncicaert, p-- could sliow, indeed, the 
role of the vasopressor sympatheties in the mechanism of experimental 
hypertension produced by exclusion of the modci-ator nerves. 



. — I, blood pressure of a normal dog; at t, section of 

lypertension. J/. blood pressure of a totally sympathectom/sed aos-, at 


Fig. 

nerves; hypci -- -- — -v 

section of tbe four moderator nerves; no hypertension. 


In dogs total excision o£ tlie sjonpathetic pai’avertebi'al ganglionic 
chains, from the stellate ganglia domi to the pelvic ganglion, performed 
in three operative stages, prevent.s (Fig. 8 ID or causes the di.sappear- 
ance of this type of experimental hypertension. We noticed also that 
the pressoreceptive reflexes of cardioaortie and carotid sinus origin, 
regulating va.scular tone and arterial pressure, are absent in the totally 
.svmpatheetomized dog. No vasomotor response could he detected eitlier 
by reflex or direct stimulation of the vasomotor centers in dogs up in 
several months and for as long as one I’car after total removal of the 
sympathetic chains. The general arterial pressure (Pig. 8 27), the ther- 
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inoregulalion, the psycliic and motor behavior of these totally syjnpa- 
theetomized dogs were, however, normal as also sliomi by Samaan,^" 
Brouha, Cannon, and Dill.“ After each operative stage of the sympa- 
thectomy, the animal passes, of course, through a period of one or two 
weeks of general depression; tlie blood pressure is lowered as a con- 
sequence of the removal of an important part of the vasomotor tone of 
central origin. Soon, a progressive rise in peripheral vascular resistance 
is restored by means of a vasopressor mechanism, originating, in part, 
in the sympathetic synapses located more periphei’al to the para- 
vertebral cliains, and in the vascular Avail. Tims the general blood pres- 
sAire returns to normal levels. At complete rest, the blood pressure of the 
totally sympathectomized dog, hoAA'ever, may be somewhat under the 
mean level of normal dogs as a consequence of the slow lute of the heart 
deprtved of its sjmpathetic innervation and controlled only by the vagal 
cardioinhibitory tone. 
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Fiff. 9. — Blooti pressure of six dogs before and after section of the four moderator 

nerves. 


Tlic (picstion arises; Is the experimenlal liypertension induced by ex- 
clusion of tile moderator nerves related to ijernuinent clinical hjT)erten- 
sion? We can, at least, answer a part of this question in the ncgati\-c. 
T!\is form of experimental liypcrtension varies from the typical neiihro- 
]>at!iie variety, hut resemhles more closely the .so-called “o.sseutial neuro- 
genic liypertcnsion.y This suggc.sts tliat a functional deficiency of the 
moderator ueiwes, cither in the region of the vasoconstrictor centers, in 
t he region of the i)eripheral prcssoreccptoi-s, or in the region of the periph- 
eral vasoconstrictor nerves, could he the underlying cause for essential 
hypertension and that surgical interruption of the efferent vasopressor 
sympathrt.e nerve paths migl.l he indicated in this condition of “neuro- 
genic hyjiortension. 
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Kecently, Alien and Adson” concluded from their clinical observa- 
tions that bilateral resection of the splanchnic nerves, celiac ganglion, 
and two upper lumbar syjupathetic ganglions, for essential hypertension’ 
can be carried out without undue risk, that patienfs are not disabled as 
a resvdt ot Ibis o])eration, and that tlic blood pressure of many of them 
is significantly reduced. Other patients note amelioration or relief ot 
symptoms e\ eii ^vhen their ?)lood pressnre.s have not been significantly 
reduced. 

A second method which will ])roduce ex]5ci’imental hyj)ertension was 
described by Dixon and Heller.^® These authors in.ieeted a Icaolin sus- 
pension into the cerebral ventricles or into the suharachnoid space. The 
meehanieal compression, produced by the kaolin, led to cerebral anox- 
emia which particularly sensitizes the vasopressor centei’s to the stimulat- 
ing action of CO„. That anemia and anoxemia may stimulate the vaso- 
pressor centers has been demonstrated by several experimenters. Raab®'’ 
has shown, in the laboratory of Gannon, tliat central anemia, especially 
central acidosis, stimulates the vasopressor centers and increases their 
sensitivity to the humoral CO„. In our laboratory, Nowak and Samaan,'"’ 
by perfusing the isolated head connected to the trunk only by the 
spinal vasomotor pathways, also produced evidence that acute anemia 
alone in the cerebral circulation provokes an intense somatic arterial 
h 3 'pertension. Experiments of Nowak'** further observed that the perma- 
nent decrease of cerebral blood supplj' by ligature of the carotid arteries, 
vertebral and spinal arteries maj- induce, in dogs, a condition of perma- 
nent arterial h.ypertension. These experimental observations support the 
views of K.ylin^= and Raab,'*'* who believe that some forms of clinical 
hjTJertensioii are related to some process of anoxic nature, such as en- 
darteritis, localized in the region of the vasopressor centers. 

Recently Goldblatt and co-workers** made a veiy important obseiva- 
tion. Thej’" showed that, in tlie dog and in the monke.v, renal ischemia by 
permanent incomplete compression of the renal arteries caused chronic, 
progressive arterial h.vpertension, with elevation of both the systolic and 
file diastolic pressures. Tiiis fact has lai-goly been confirmed by Page*'" 
and otliers and in our laboratory bj^ Elaut,-'" Bouckaert, and myself.'** 

In our experiments we obtained permanent liypertension in dogs reacliT 
ing 245. Furthermore, we observed** that li.e eai-otid sinus vasopressor 
and Inmertensir-e reflexes wei'C especially aclivc in such h.vpcrtensiye 
doo-s Pan-e*= and Collin.s*« observed that in clogs excision of tlie extrinsic 
renal nerves alone does not prevent experimental hypertension duo to 
renal ischemia. The e.vperimenls of Goldblatt and his collaborators*'* 
showed that neither excision of one suprarenal body with denervation 
and destruction of the medulla of the other suprarenal, nor excision of 
the splanchnic nerves and the lower donsal ganglia, which constitute an 
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important part of the sympathetic vasopressor system, prevents or cures 
experimental hypertension produced by renal ischemia. 

Jlore recently experiments pei'formed by Bajdess, Bouckaert, Slant, 
and Samaan, and myself,"® showed that complete excision of the whole 
sympathetic ganglionic chains in dogs also does not prevent the arterial 
1157)61461181011. following renal iKcheniia. The same oh.servations have 
been made by Freeman and Page,'*' and Alpert, Alving, and Grirason.*’- 

Our experiments^’'- “ sugge.st that the arterial hjiiertension induced 
by renal ischemia may he due to an humoral factor which increases the 
excitability of the peripheral blood vessels to constrictor stimulations, 
mainly to the neurogenic vasoconstrictor influences; the same humoral 
factor inducing, on the other hand, a dii-ect peripheral vasoconstriction 
and a disturbance in the phj-siologie mechanisms of the pressoreceptive 
reflex regulation of blood pressure. The sympathectomy up to the total 
removal of both ganglionic chains neither prevents nor cures this experi- 



Fiff. 10. — LoKlona in the aorta oC a thyroldectomfzcd dog treated with large doses of 

vitamin D*. 


mental nephrogenic h.vpertension. But, as pointed out b.v Goldhlatt, 
although the results of these investigations am in agreement with the 
conclnsions of Prinzmetal and Wilson’® and of Pickering’* concerning 
the par) phi.ved by I lie vasomotor s.vstcm in human hypertension of 
nciihropaUiic origin, yet they do not necessarili- exclude .some beneficial 
cflVets of operations on the vasomotor system or on the sniirarenal glands 
ill some eases of nejiluoputhic li.vpcrtension. But we agree that furtlier 
( xperiineiital and clinical .studies are ncees.sary to evaluate adequately 
the indieations and the results of these surgical interventions. 

fourth method of iirodueing experimental arterial hypertension is 
tiuit indicated hy Appclrol.” Further researches along this line were 
eaiTied out hy llandovsky'-* in this Uihoratovy with the eollahoration of 
Goorniaghtigh.''' of the Deiiartment of Pathology, 


Their studies show that the repealed administration of rclativelv lar-m 
doMs of \it.unin l)„ (ealciterol) to dogs jn-ovoked a progressive augmen- 
tation of (he arterial hlood j)re.ssnre. It was noticed also that the experi- 
mental dogs wei-e very .sensitive to the hypertensive action of adrenaline. 
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In the kidneys and elsewhere ecrlain vascular lesions, mainly arteriolo- 
neei-osis, developed whieii could be almost superimposed upon those found 
in human eclampsia, diphtheria, and scarlet fever. It is furthermore 
interesting' to mention tJmt vitamin D„, ■\vhieh provokes arteriosclerosis 
in the rat and rabbit, does not induce the same vascular changes in the 
dog, unless one dei)rives this animal of its thyroid gland. Thus, in the 
thyroidectomized dog the administration of vitamin D„ provokes arterial 
lij'peitension and ■with it intense and ujuisual vascular changes in the 
aorta and its ma.ior branches (bb’g. 10), and typical lesions in the smaller 
arteries. We believe that tliese observations are interesting, since this 
form of experimental lij’^pertension, characterized by high pi’essure and 
vascular lesions and sclerosis, resembles some tj'pcs of human hyperten- 
sion. As a matter of fact, many pathologists (Ilossle,^^ Wegelin,'® 
Behr,'“ Sehmidtmann®°) and clinicians have referred to a relationship 
between the thyroid gland, arteriosclerosis, and hj^jertension. The re- 
searches of Aub and his collaborators®’ showed especially the close rela- 
tionship between the thyroid and calcium metabolism. 

These different groups of investigations .surveyed iustliis lecture 
show once more the bonds closely uhTtibg experimental physiology, 
pathology, and surgery in attempts to elucidate the meehrlilisms regu- 
lating arterial blood pressure and the causes of hypertension. The 
Imowledge thus gained, it is hoped, will lead to a more adequate treat- 
ment of this very important disease. 
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ESSENTIAL HYPERTENSION: THE SELECTION OP CASES 
AND RESULTS OBTAINED BY SUBDIAPHRAGJIATIC 
EXTENSIVE SYMPATHECTOMY** 

AV. j\IcK. Craig, M.D., Rochester, Minn. 

(From Ihe Section on Neurologic Surgery, the Mayo Clinic) 

TT A PERTENSION, ov persislcnl elevation of the blood pressure, may 
A produce progressively severe s.ymplonis and in spite of all types 
of treatment it may terminate fatally. In addition to the medical 
measures used in treating the more serious t.V2)es of hypertension, opera- 
tions upon the s.vmpathetic nervous sj’stem have been devised and carried 
out in a large number of eases; the mortality has been low and the re- 
sults have been gratitying. However, at the Mayo Clinic we have been 
impressed with the importance of the selection of cases suitable for 
opei'ation. Subdiaphragmatie extensive s.vmpathectom.v has been per- 
formed in 158 eases in tbe Section on Neurosurgery at the Mayo Clinic. 
There has not been an operative death and there were onlj' five deaths 
after operation. Folloudng the operation, the clinical improvement 
varied with the progress of the disease, the age of the patient, and the 
amount of vascular, cardiac, and renal damage. To determine the 
amount of iiotential physiologic response obtainable following sym- 
pathetic denervation, certain tests have been devised (Table I). These 
tests have prevented unsuccessful operations and have indicated in 
which cases a satisfaetor.y lowering of the blood pressure or relief of 
clinical symptoms ma.v be expected to occur after the operation. 

Table I 

Pkeoperative Tests fob Hypertension 

1. Effect of rest and sleep for 24 hours 

2. Effect of 3 gr. sodium amytal each hour for 3 doses 

3. Effect of % gr. sodium nitrite eaeli hour for 6 do.ses 

4. Effect of 5% pentothal sodium intrarenously 


In essential hypertension there is increa.sed jieripheral arterial resist- 
ance, which is attributable to abnormal response of the arterioles to 
certain stimuli that produce marked fluctuation in blood pressure, emo- 
tion or cold increasing it greatly. There is some evidence that tlierc 
are no abnormal vasomotor stimuli in essential hypci tension ; hence, it 
must be assumed that the arterioles react cxcessivei.v to normal vasomotor 
stimuli. 

•Read as Part ot the Eovils A. GrccnsfeUlcr Memorial Lectureship. Michael Reese 
Hospital. ChlcafTO. Ill- Hec. 23, 1S3T. 

Tlocc'n’od tor puhllcotfon. Mny 2, 1S38. 
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Postoperative observations have shown that, when the blood pressure 
flnetiiates widely and reaches low levels at times, operation (that is, 
interruption of vasomotor impulses) is most beneficial, but, when the 
blood pressure is fixed at high levels, surgical treatment is ordinarily 
of little value. This emphasizes the necessity of preoperative tests to 
determine the flexibility of the blood pressure. 

For convenience, essential hypertension has been diidded into four 
clinical groups: Group 1 consists of eases in which there are mild 
sclerosis of the retinal arteries and a slight increase in blood pressure, 
which ordinarily becomes normal as a result of rest. In Group 2 have 
been placed cases in which thei'e are moderate to severe hj^iertension, 
moderate sclerosis of the retinal arteries, and occasionally venous throm- 
bosis and ai'tcriosclerotic I’ctinitis. Group 3 includes cases in which 
there is modei’ate to severe liypertension associated with a definite 
angiospastic retinitis. Tlie severe and advanced tiTies of the disease are 
included in Group 4; in the cases in this group there is very severe 
hypertension that is associated until an angiospastic retinitis and edema 
of tlie optic disks. Tliis classification maj’ be unsatisfactory because 
it fails to indicate the importance of the rapidity of progression. As a 
working basis, however, the classification is acceptable, since tlie serious- 
ness of hjTiertcnsion ordinarily increases progressively as the number 
of the group into which it is classified increases. 

The medical treatment of mild essential hypertension is usually satis- 
factory but severe hypertension does not respond satisfactorily to 
medicine and diet. Some patients who have moderate hypertension 
Group 2 or 3 respond rather well to medical treatment ; however, a non- 
toxic, adequate and prolonged vasodilator would solve the problem of 
the treatment in many cases. L'nfoi’tunately, no such substance is 
available. The nitrites, acetylcholine and acetyl-beta-methylcholine have 
in common a vasodilating action which is too short to be very valuable. 
Bismutli subnitratc, when administered orally, is of little value. There 
is some evidence tliat ]iotassium thiocyanate may be elective (both be- 
fore and after operation), but the dosage must be carefully regulated. 
The scdative.s, particularly the harhiturates, are the most valuable drugs. 
Tile amount of sedative drug which should be given three or four times 
a day should he great enough to abolish nervousness and restle.ssness 
and small enough to avoid drow.sine.ss and excc.ssively slowed mental re- 
actions. idany patients suffering from essential Inqiertension do not 
respond adequately to medical treatment. Surgical’ treat mont is heiim 
advised only in these eases. 


The purpose of surgical treatment of essential hypertension i.s to pro 
<luee prolonged vasodilatation by interrupting the vasoconstrictor nerve; 
to eeriam parts of the arterial sy.slom. Among the earliest operation; 
emiiloiod wm-e hdaferal imnhar .sympallietic ganglionectomv anc 
I'cnicotlioraeic sympathetic ganglionectomy. The.se procedures were 
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not effective in lowering the blood pvcssvire for a prolonged period be- 
cause the operation was limited in its scope in that it did not denervate 
a sufficient vascular area. A more extensive operation consisting of 
intradural section of the A’cntral roots of the spinal nerves from the 
sixth thoracic segment, to the second lumbar segment interrupts the 
sAunpatliefie fillers which pass through these roots and which carry A’aso- 
constrictor impulses. Tlic entire vascular area below the diaphragm is 
thus denervated;- this creates a reservoir which is unaffected Avhen the 
undener\’ated A’essels go into a spasm. Also, the suprarenal glands are 
denervated by interrupting the sympathetic fibers before they enter the 
capsules of the glands. This eliminates the central influence in pro- 
ducing execssiA'c secretion of epinephrine under emotional stress. A 
thorough denervation of renal arteries and arterioles is performed. This 
increases the circulation of the kidneys and aids in the elimination of 
metabolic products rvhicli may play some role in the production of Iiyper- 
tension. 

Following rhiisolomy, the A'alues for both the systolic and diastolic 
blood pressures of some patients remained loAver than they were before 
the operation. This relieved the symptoms of hypertension. However, 
laminectomy and rhizotomy involved an unwarrantable surgical risk 
and the section of the splanchnic nerves alone proved inadequate in 
relieving hypertension. Therefore, the resection of all three splanchnic 
nerves, with a portion of the celiac ganglion, aiid removal of the upper 
lumbar ganglions on each side through a subdiaphi-agmatic approach was 
finally adopted (Fig. 1) . In a i-ather lai’ge series of eases resection of 
one-third to one-half of each suprarenal gland was done, but this pro- 
cedure has been discontinued ; however, the glands are palpated for the 
presence of a tumor. The operation is divided into two stages and an 
interval of ten days is allowed to elapse between the operations on the 
right and the left sides respectively. From our studies, the subdiaphrag- 
matic exteJisive sympathectomy is larger in scope and interrupts more 
thoroughl 3 ^ the efferent fibers from tlie thoi’acolumbar sympathetic out- 
flow than does the supradiaphragmatic operation. 

The futility of carrying out extenshm sj^mpathectomy in eases of 
lij^pertension in Avhieh there is irreparable damage to tlie cardiovascular 
mechanism is apparent. Tlie operation should not be considered in a 
case in which tliere is mild and slowly progressive disease that is 
•imenablc to medical treatment. Operation seems most efficacious in 
the definite vasospastic t.A-pe of hypertension in which sharp and I)risk 
rises in blood pre.ssure occur when tlm hands are immersed in cold 
water and in cases in which a marked fall in blood pressure is pro- 
duced when pentotlial sodium, sodium amj-tal, or a nitrite is admin- 
istered. As an aA-crage rule, the p.itient must he under 50 jmars of ago 
and the liATicrtcnsion must be classed as of Group 2 or 3. 
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The so-called cold test is carried out by determining the blood pressure 
while the patient is resting and by continuing the determination until 
the value for the blood pressure reaches a basal level. A hand is then 
immersed, to the wist, in water at 4° C. for one minute, and the blood 
pressure is determined at the end of thirty seconds and of one minute 
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thereafter. T]ic liigliesl value is considered eliaraeteristic of the re- 
sponse. The response of the blood pres.s\ire to this test is a measure of 
the way in wliich it responds on innumerable occasions to such stimuli 
as anxiety, fright, and mental stress and sti’ain. In eases in which opera- 
tion has produced a significant deei’case in blood pressure, the systolic 
blood pressure responds less shai’ply to the test than docs the diastolic 
pressure. 

The following standard tests have been adopted and operation is ad- 
vised only for patients whose blood pressure responds satisfactorily 
preoperatively ; (1) slow and intcrmittcjit intravenous injection of a 

5 per cent solution of pentothal until there is no further drop in the 
blood pressure ; ordinarily .500 mg. to 1 gm. of tlie drug is injected ; (2) 
administration of 3 gr. (0.2 gm.) of sodium amytal each hour for three 
successive hours; (3) administration of % gr. (0.032 gm.) of sodium 
nitrite at intervals of thirty minutes until .six closes leave been given, 
and (4) hourly determination of blood pressure during rest and sleep 
for a minimum of twenty-four consecutive hours. 

If the blood pressure decreases to normal or to nearly normal as a 
result of all these measures, the patient may be considered a satisfac- 
tory candidate for operation. If the response of the blood pressure to 
these measures is inadequate, the effect of operation is almost certain to 
be unsatisfactoiw. Unfortunately, even when tliese tests indicate that 
results of operation should be satisfactory, the actual results obtained 
vdll not necessarily be as good as the tests indicate. In other words, in 
spite of satisfactory response of the blood pressure to tests before opera- 
tion it is possible that the blood pressirre will not bo reduced significantly 
by operation. At the clinic, we have made it a practice to perform the 
operation only in cases in which hypertension has been progressive in 
spite of medical supervision. However, we wish to emphasize that in 
almost every ease of essential h.vpertension there is a period during 
which operation may be a valuable therapeutic procedure and one 
during which operation will almost certainly he valueless. Hence, if 
patients who have essential h.^'pei’tension are to be operated upon, opera- 
tion must be performed before the blood pressure becomes relatively 

fixed at high levels. 

Contraindications for operation are as follows: An age of more than 
50 years, congestive heart failure, angina pectoris, marked renal in- 
sufficiency, and advanced arferio.sclerosis. Spasm and apparent sclerosis 
of the retinal arteries, retinitis, modez-ate enlargement of the heart, in- 
version of T-wave.s in the electrocardiogram, albuminuria, slight reduc- 
tion in renal fiznction, and a cerebrovascular accident fi'om which 
recovery has been satisfactory are not in themselves considered contra- 
indications to operation. 
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In carrying out extensive sjunpathectonij’', the incision employed and 
the position of the patient on the operating table are similar to those 
employed for exploration of the kidney, except that the upper portion 
of the incision is extended high enough to inelude the oblique fibers of 
the latissimus dorsi muscle which will expose the twelfth rib. The in- 
cision is extended domiward and outward over Petit’s triangle, in order 
to expose the capsule of the perinephritic fat. Periosteal resection of the 
twelfth rib is then done ; care is taken not to injure the pleura. The sub- 
costal ligament of the twelfth rib is then incised; this allows upward 
retraction of the intercostal vessels and nerves and affords adequate ex- 
posure of the splanchnic nerves and lumbar ganglions. The liver is 
displaced forward and downward, as well as the capsule of perinephritic 





Normal Lumbar At operation 

ganglia 


Flp. 2. — Dlajjrsimmntlc rcpro«?cntation of subdlnphrapm.'itlc sympathectomy, showing the 
normal relation of tlie ganglions and rami (the kidney has been retracted). 


fat. At this point a laparotomy sponge that has heeu moistened in 
phy.siologic saline .solution is inserted to protect the peritoneum and its 
contents, which arc being dkscctod from the underlying muscles. Gentle 
dissection with moist eot ton-ball sponges reveals first a splanchnic trunk 
which is composed of major, minor, and lesser splanchnic nerves, whicli 
are descending from above downward between the two crura of the 
<lia]>hragm. They are about 2 cm. in length and end in the celiac 
vanglions. The re.soelion includes the greater portion of the garmlion 
ami the splanehnie nerves. The fiixt and .second lumbar sympathetic 
tranglmns are exposed along the mesial border of the p.soas mmscle. and 
they are removed with the intervening trunk in order to interrupt fibers 
»"I lli» S.vra,..nl,clic inink ,,s rtl 
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as to iivternipt ■while rami caiTying efferent im])iilsos to the n])per two 
sjmpathetie Inmhar ganglions. In this manner the splanelinic vessels, 
the suprarenal glands, and the kidneys are denervated (Pig. 2). The 
nuiscnlar fascial planes are approximated ■with eontinuons and inter- 
lupled sutures of chromic catgut and the skin is closed with silk siUure.s. 

k ollowing splanchnic resection and removal of the lumhar gaiiglioms, 
the sweating function of the feet and lower part, of the legs is lost. The 
cutaneous temperature is definitely increased and continues to remain so 
permanentljn There is ])aralysis of tlie ejaculatoiy powers and of the 
muscles of the urogenital trigon that is similar to that which follows 
neurectomy of the presacral nerves. The menstrual cycle is not altered ; 
moreover, the reproductive functions of the female are not changed. 
However, sterility of the male docs result, although potentia and libido 
fortunatel.y are not disturbed. Although this extensive sympathectomy 
deprives the small and large intestine, the ureters, and the bladder of the 
symi)athetic innervation, it does not appear to increase the frecpieney 
or urgency of micturition or of defecation. Curiously enough, the 
atonic intestine, the dilated colon which so frequentl.v troubles con- 
stipated people, and Hirschsprung’s disease are definitely improved 
by this operation, since section of the sjnnpathetic fibers to the intestine 
results in decrease of the inhibitory stimuli. The same applies to tiie 
mnsctilar mechanism of the ureters and bladder. 

Two definite phenomena in the cardiovascular mechanism develop 
following this operation. The first is a fall in blood pressure which 
occurs when patients first get out of bed and stand in the erect position. 
The second is the development of tachycardia. The first can be relieved 
with a tight binder and the second can be overcome by a decrease in 
exertion. 

The effect of operation on symptoms, while variable, is roughly pro- 
portional to the effect on the blood pre.ssure. However, patients not in- 
frequently note relief of headache, fatigue, pain in the thorax, “dizzi- 
ness,” and nervovisness, in spite of the fact that the blood pressure has 
not been greatly reduced by operation. It is probable that, some of the 
s^nnptoms associated with hyperfen.sion, siich as headache, may ocem- 
only when the value for the blood pressure reaches an oxco.ssivcly high 
level. Operation which ma.^s' reduce blood pi-c.ssurc only slightly may 
lower it snfficientlv to prevent the occurrence of some of the symptoms. 

In most instances in which the blood pre.ssurc has been greatly reduced 
bv operation headache is i-elieved. pain in the tlmra.x di.sniipcnrs. fatigue 
is Mssoned, and llie patients gain weight and generally feel greatly im- 
oved jtVanv of them note diminution of nervousness and of a “let 
domi” feeling, which gratifies flicm. Some patients have said tliat they 
feel “entirely well” or “hetter than in several years.” In general, 
.aliont 70 per cent of the entire group of patient.s were lienefifed clinically. 
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Some patients whose blood pressure has been greatly- reduced ])y opera- 
tion continue to note undue fatigue, weakness, and dyspnea for weeks 
or months after oi)era(ion. One patient whose condition was folIoAved 
closely did not regain normal strength until about, six months after 
operation. We have not been able to determine definitely that the 
patients who noticed these symptoms following operation are those 
who continue to have orthostatic hypotension, but it appears that this is 
so. 

SUJmAHY 

The surgical treatment of liypertension, which consists of subdiaphrag- 
matie resection of the major, minor, and lesser splanchnic nerves, 
ecliac ganglion, and lumbar s.ympathetic ganglions, is associated wdtli 
a small rislt and is follow'ed by satisfactory alleviation of symptoms in 
scleetcd cases. 

Assuming tliat all hypertension can be divided into fonr groups, de- 
IK'iiding upon the severity, Groni) 1 does not require surgical treatment 
and Group 4 is too severe and too far advanced to warrant the expecta- 
tion of adequate results. Groups 2 and 3 then should ])e considered 
for operative treatment. Jlore important than tlic group are the pre- 
operative tests which indicate the potential pliysiologie changes that 
will follow sympathetic denervation of the vascular area below’ the 
diaphragm. 

The .so-called cold test indicates the upper limits of the blood pressure 
resulting from emotion or cold. The four other tests indicate the lower 
limits of the blood pres.sure readings associated with prolonged vaso- 
dilatation, and, therefore, denote the probable values for the blood 
pressure following extensive sympathectomy. They are as follows: (1) 
Twenty-four eousceutive hourly determinations of the blood pre.ssm’c are 
made while the patient is in bed, to establish the maximal blood pres- 
sure, tlie minimal blood pre.ssure, and the mean or average blood 
lU'cssure. (2) .Slow and intermittent intravenous injection of a 5 per 
cent solution of pcntotlial sodium is made until tlnwe is no further 
dro]) in blood luvssure. (3) One-half grain (0.032 gm.) of sodium 
nitrite is administered at intervals of thirty minutes until six do.scs have 
been given. (4) Hourly determinations of blood pressure are made 
during rc.st and sleep for a minimum of twenty-four honr.s. 

If the blood pressure drops to nearly nni'inal and if tiic patient is loss 
than .oO years of age. the operation shonld he considered. 

The vesnUs in a large series of cases have been quite .satisfaetorv 
The effeel of the operation is i>hysiologie in character, ami, if .so con- 
sidered, the results justify the procedure. 



BLOOD POTASSIUM DURING EXPERIMENTAL SHOCK® 

Batjiund L. Zwemer, Ph.D,, and John Scudder, M.D., 

New York, N. Y. 

(From the DeparhufiiU of Analomy and Surgical Fathologg, College of Fhgsiciaiii 
and Surgeons, Coluinhin Universily) 

T N MAMMALS tlie extracellular l)od.y fluids contain from 13 to 25 mg. 

* potassium per 100 c.c, and in individuals under basal conditions the 
level in tlie plasma remains remarkablj' constant, although the basic 
levels for individuals of the same species may differ as much as 20 per 
cent. It is %vell known that living cells, both plant and animal, contain 
from seven to twenty -five times as much potassium as their surrounding 
media. 

lYith manifold K diffei’cnees outside and inside the cell, it seemed 
reasonable to postulate that experimental procedures resulting in exten- 
sive tissue destruction, trauma, or injury causing increased cell per- 
meabilitj' should result in increased extracellular potassium. Increases 
in the blood would only be expected to occur if the K was released from 
the cells too rapidly for the potassium regulating mechanism to handle. 
If the extracellular bod.y fluids are depleted, their replacement bj' highly 
potassic cellular fluids should also result in a potassium rise. 

It should be noted that even Avith the injections of potassium salts 
the plasma K level cannot be altered for long in normal animals (Zwemer 
and Truszkowski, 1937; TruszkoAvski and Zwemer, 1938), and that pro- 
longed hyperpotassemia can only be produced by repeated injections. 
Marked elcAmtions are injurious to the body I'egardless of Avhothcr the 
1 ‘ise is a result of potassium injected, ingested, or released from the 
animal’s OAA’n cells (Webster and Brennan, I92(j. In the present paper 
we have followed the blood potassium levels after extensive cell injury 
or fluid depletion through shock to death. 

experisientau procedures 

Cats were used in the experiments and unless otherwise noted periph- 
eral ear blood samples were taken for whole blood potassium analysis 
by the method of TrnszkoAvski and Zwemer (1937). The red blood 
ceUs of the eat have a low potassium content and whole blood of this 
species is therefore a valid indicator of K changes. Parallel scrum 
values are given in the hemorrhage experiments, in which extensive 

• PrellmiTiitrv report pro.«!cntcd before the Amcrfean Physiological Society In April. 

1P37. nt XlciPpblP. Tonn. (Ani. J". Physfof, 119: -IS*. 193<). 

Jiocclvod for publicfitlon. May 23. X93S. 
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blood sampling would not complicate the picture. Ether anesthesm 
was used during the period of operative and traumatic procedures in 
the acute experiments, ^Yith the exception of the eases in which sodium 
amytal was used. Blood density was determined by the method of 
Barbour and Hamilton (1926). A condition of primary shock was 
produced within a few hours by hemorrhage, crushing of limbs, or 
manipulation of viscera. Slower development of the secondary shock 
syndrome occurred after intestinal obstruction, enterostomy, and pan- 
ci’eatitis. 

RESULTS 

Our impression based on thousands of potassium determinations in 
a number of animals species and man is that plasma potassium is re- 
markably constant and difficult to alter for long. The relative con- 
stancy of plasma potassium is shown in an animal in which only a 
small amount of tissue was damaged with no production of pain. The 
blood potassium was followed for a period of days, with frequent sam- 
ples taken on the fii'st day (Protocol 1). 

Analysis of blood samples from an animal wliich remained under amy- 
tal anesthesia for thirty houi’s during which time eight samples of 
blood were taken (Protocol 2) showed no change in potassium. Under 
arajdal the variations were less than 2 mg. per cent in either direction 
from the initial value. Initially and when the animal recovered, the 
values were somewhat higher. 

In the hemorrhage experiments the values also varied little until the 
amount of blood removed was a large proportion of the initial estimated 
total. 

Althougii one might expect that cimshing of mnsele and hemorrhage 
would he the procedures most likely to raise the plasma potassium 
content from endogenous .sources, these animals showed K rises tenni- 
nally only. This agrees with Stewart (1936) who found no plasma K 
vise with hemorrhage, hut a marked Iv diuresis. He did not bleed his 
dogs to dcatii. Kerr (192C) and Thaler (193.5) report plasma K increase 
after hcinoi-rhage. It wa.s easier to i)rodnee shock by visceral manipu- 
lation than by trauma to the extremities aud eoneomitautly the. viscera 
lose tiicir K content much more ea.sily. 

1 he ic-snlts in individual animals are illustrated by eomjilote pro- 
tocols of the ehect.s of fatal hemorrhage, limb trauma, and vi.sceral ma- 
niindation as listed in Table I. Some were graphed, with information 
supplementary to the K determination. 

Table 11 gives data from .sixteen animals in which a condition of 
secondary sliock occurred. The initial blood potassium, the blood 
poiassuun during shock, and the interval between these two determina- 
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tions arc given. Tiie miinber of blood samples analyzed for, their 
polassinm content and the ]>rocednre initiating tiie sliock syndrome are 
given also. 

Til animals acutely shocked with pota.ssinm salts, the blood If rises and 
the onset of symptoms are abrupt as in the present acute experiments 
(Table I) ; wlieroas, with the prolonged moderately elevated rises ob- 
tained with repeated injections (Truszkowski and Zwemer, 1938), the 
symi>toms resomlilc those of the second group of cases (Table II). 

The source of tlie blood sample is important, as it has been found 
in other experiments (Zwemer and Pike, 1938) that venous bloods com- 
ing from different organs may vary markedly in their potassium con- 
tent. This finding and moi'e specific studies of nerve excitation and of 
anesthetics on potassium changes in shock will be dealt with elsewhere. 

In the foregoing experiments the blood was not taken from vessels 
draining the part of injury nor tlie region of operative procedure. 
Peripheral capillary blood resembles arterial blood in so far as potas- 
sium content is concerned; therefore the increases shovm may in these 
cases be considered as holding good for arterial blood in general. 

TJie data here presented agree with the postulate tliat potassium in- 
creases may be expected after severe tissue damage or extracellular fluid 
depletion, but that in a normal healtliy animal it is difficult to disturb 
the potassium regulating mechanism. 


DISCUSSION 

In explanation of shock there have been many theories, each sup- 
ported by extensive experimental work. For a review we refer the 
reader to papers b 3 ' Cannon (1923), b.v Blalock (1936), b.v Meek 
(1936), and bv Henderson (1938). 

Diminished blood volume has been considered particular^' important. 
The diminished effective blood volume might be due to fluid and clcc- 
trol 3 de loss from the bod 3 ' as a whole, to caj)illar 3 ' stasis and trapping 
of large amounts of blood in splanchnic or the traumatized area vascular 


Table I 

List of Pbotocols 


1. No. 

2. No. 
a. No. 

4. No. 

5. No. 
0. No. 
7. No. 
S. No. 
!). No. 

,10. No. 
n. No. 
12. No. 


3701 . — ATiia trauma, no shock, no K change 
,S0r0. — Prolongcrl sodium aniytal narcosis 
.3701 . — --Vrterin] blood loss 
3707 . — Uoncated ivitlidrawal of hc.'irt moon 
.■;7o2 . — noppotril wifhdroiral of heart blood 
37.1.7 . — nepcated witlidrawal of hc,irt blood 

P(;4]. jrild trauma under sodium am.vfal .•im'stim.sia 

.'iliit. — Trauma iimlor .-im.vtal 

.'bitO. — .‘-I'Vi'n* trauma under amylal 

:ifi50 . — Soveio trauma under olhor 

;:7n2. — Manipulation of visf-era luidor ether 

::7pr,. — 31aiiipulation of visrera umlcr ether witli adrenals tied off 
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TADLE I (GOXT'li) 

PEWi'iiKLAL Whole Blood IC of the Cat ALsv Kemaix Qcite Constant 
Xkkve Blocked and Testes Ciii’SHEd Uxdei: Etiiee Anesthesia (Xo Shock) 

Cat 3701 



Jan, 11, 19.37 

12:30 l‘.M. 


20.3 mg. % K 


1:45 1>.M. 


Operation 


1:35 I'.M. 


27.5 rag. % K 


2:00 P.M. 


25.0 mg. % K 


3:00 P.M. 


20.3 mg. % K 


4:00 P.M. 


25.0 rag. % K 


5:00 P.M. 


25.S mg. % K 


8:20 P.M. 


24.S mg. % K 


Jan. 1,3, 1937 


Testes sivollen 

29.2 mg. % K 


.Tan. 10, 19.37 


20.4 mg. % K 


Jan. 19, 19.37 


24.4 mg. % K 


.Ian. 21, 1937 


23.S mg. K 


EffF.CT.S of PllOI.ONOED SODIUM 

Amyt.cl Xarcosis 


Control Cat S6iS, Weight 

, s.em Eg. 



Sex: female 



r.KiuATrvE 

TIJIE 

AMOUNT OF 

CAPiLLAKY 

Tntc 

AMYTAL AD' 

BLOOD r.EMAEKS 


MINJSTEP.ED K AS MG. % 

Oct. £2, 

19:U! 



A.M. 




10:50 

10:51 

0 

- 

3.3.2 Ilealtliy, adult cat not 

fasting 


2.0 ml. 

11:03 

15 min. 

0.4 ml. 


11:15 

23 min. 

0.5 ml. 


11:25 

35 min. 


Heart rate 210; re.«- 

11:00 

40 min. 


piration.s, 42; tem- 
perature. 100.4 



11:12 

52 min. 


29.0 Heart rate, 170; res- 




pir.ations, .3.3; tem- 
perature, 99.2: still 
unconscious ; moves 
aroiiml a little 

I'.M. 




1 :17 

2 lir. 37 min. 


27.1 

2:00 


2,3 ml. 


2:15 

’» ]ir. .").*) iniii. 


23.0 

1:1.3 

5 iir. 25 min. 


2;>,0 Ha.s Been in coma 




since morning; pe- 
cu!i:ir tremOling con- 




(lition 

2.3. 

1930 



r.M. 




i 

29 lir. 10 min. 

19.3(1 


TJnaMo to m o v e ; 
tllirillar tnitcliing.s; 
'Irani: some n:iter 
after f.-iking hlnml 
.s.'imple 

L’l, 



10 lir. ID min. 


nO.O lifvriv'prod 
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TABr,E I (CONT’D) 

Effects op Arteriao Blood Loss 

Cat S701. Weight S.94 Kg. 
Sex: Male 


Fch. IS, 10S7 
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Table 1 (Coxt’d) 

Eefect or Ebpeated Withdrawal of Heart Blood ox Specific Gravity of Blood, 
Blood Pressure, Serum, and Whole Blood Potassium 

Cat S75S. Adah, male 
Dee. 17, 10S7 


TIME 


AMOUNT SERUJt 

rxMOTOD heart 


SPECIFIC 

GRAVITY 

BLOOD 

HEART 


BLOOD 

PRESSURE 

SYSTOLIC 


REMARKS 


P.M. 

3:50 

4:00 
•1:05 
4:10 
4:17 
4:20 
4 :2r) 
4:30 

4:35 
4:40 
4 :45 
4 ::-)n 
4:52 

5:03 

5:1(1 

5:15 

5:20 


(Tied on board and, under local anestlictic, femoral artery exposed for 
recording Wood pressure) 


G;45 


10 c.c. 




120 


22.6 

19.4 

1.0473 

130 

Blood from heart 


10 c.c. 




154 


20.4 

17.0 

1.0403 

110 

Blood from heart 

10 c.c. 

20.8 

17.7 

1.044S 

no 

Blood from heart; be- 

10 c.c. 

10.4 



98 

ginning of panting 
Blood from heart 

15.0 

1.0435 

85 

Pas.scd urine 


18.3 



88 


5 c.c. 

1S.2 

- 

58 

Blood from heart 





02 

78 

01 

Marked panting with 
tongue out 

10 c.c. 

17.8 

18,3 

1.0403 

Blood from heart 





■SO 




3.03S0 

44 

Blood from femoral ar- 

20 c.c. 

Ifi.O 

15.7 

3.0305 

40 

tery 

Pallor of tongue and 
mucous membranes; 






panting; sluggish re- 
spon.se to stimuli; al- 
lowed to remain in 

10 c.c. 

•SS.l 

45.7 

3.014.0 

0 

this state 

Blood wifhdr.an-n just 
ns animal cxpircxl 
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Table I (Cont’d) 

Effects of Auteuiai, Blood Loss 

Cat S701. TTeiglU S.94 Kg. 
Sex: Male 

Fch. 15, 1937 



RELATIVE 

TIME 

AJiIOENT 

UEllOVEJ) 

WHOLE 

BLOOD 

K HG. 
%. 

SERUil 
POTAS- 
SIUM 
yiG. % 

SERUM 

CA 

JIG. % 

SPECIFIC 

GRAVITY 

WHOLE 

BLOOD 

SERUM 
SP. GR. 

SERUS 
PROTEI 
GM. 9 

A.M. 

Under light ether anesthesia femoral artery exposed for bleeding 

11:20 

0 

10 c.c. 

- 

15.4 

12.9 

1.0518 

1.0292 

7.02 

11:35 

15 min. 

10 c.c. 

21.7 

16.01 


1.051S 

1.0289 

7.52 

11:45 

25 min. 

10 c.c. 

23.0 

15.3J 


1.0494 

1.02S3 

7.3 

P.M. 

35 in in. 

10 c.c. 

21.9 

14.4 

11.9 

1.04S6 

1.0278 

7.13 

12:07 

47 min. 

10 c.c. 

22.7 

15.1 

11.4 

— 

1.0273 

0.96 

12:20 

12:30 

1 hr. 

1 hr. 

10 c.c. 

21.3 

13.9 

11.0 

1.0451 

1.0251 

6.2 

12:40 

10 min. 

1 lir. 

10 c.c. 

23.1 

17.1 

10.8 

1.0440 

1.0255 

6.33 


20 rain. 

4 C.C.* 

21.0 

Keart’s 'blood 


1.0266 

6.72 

12:55 

1:00 

1 hr. 

35 min. 

1 hr. 

10 c.c. 

55.6 

40.5 

12.7 

1.0432 . 

1.02S0 

7.2 


40 min. 


Portal vein Wood. — 57.S rag. % 
Pericardial fluid. — 11.2 mg. % 


•Blood did not flov well from artery, because of very low pressure. 


EEPEATED WmiDEAVVAL OF Heabt Blood* 

Cat $707. TTcight: 2.665 Kg. 

Sex: 3Me 

Anesthesia: none 
Jan. gl, 19S7 


fVHOLE SEKOSI SEBUM SERUM 

AStOUNT jj. SPECIFIC PEOTEIN- REMARKS 

REMOVED j, ^ ^ ORAVITY OM. % 


Jan. 20 


28.8 (c)t 


7:20 




Jan. 21 




12:20 




12:30 

10 c.c. 

26.S 

— 

12:45 

10 c.c. 

26.4 

22.2 

1:05 

10 C.C. 

— 

25.3 

1:15 

14 c.c. 

29.4 

23..3 

1:30 

10 c.c. 

32.3 

25.3 

1:50 

10 c.e. 

26.7 

20.4 

2:05 

10 c.c. 

- 

2S.1 

2:25 

2:26 

10 c.c. 

57.4 

41.7 

2:. 30 





Total 
9G c.e. 


•Calculated ori.cinal blood volume: ISO c.c. 
1(c) — Cnplllnrj’ blood. 


Pasting, healthy, 
adult cat 

Tied on board for 




experiment 

1,0293 

7.6 


1.02S4 

7..3 


1.0260 

0.7 


1.02CS 

6.S 

Air lumgor 

1.0260 

1.0254 

6.8 

6.."> 

Xictitating mem- 


brane out 

1.0259 

6.5 

Extremities cold 
Convulsion 

3.0265 

0.0 

Very weak; gasp- 
ing for air 

Dead 
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Cat * 3755 



Fig. 


TIMR 



Table 1 (Con't’b) 

Mild Tr.Ar.MA Unper Sodium Amytal A.ve.stiie.sia 
( 70 Mo./Ko. 1.61 Ml. and 1 .Ml.) 

Cat SG41. n-ciffht: 2^00 Kff. 

tirr: female 

Oct. 13, 1936 


relative 

TI5IF. AFTEU 
TRAUMA 


BLOOD 

K 

MG. % 


SPECIFIC 

GRAVITY 

AVHOLE 

BLOOD 


REMARKS 


11:15 

l‘.M. 

0 

21.6 

1.0410 

12:00 

0 

17.5 

3.0460 

12:11 

12:17 

12:2."i 

12::;.') 

17 min. 

M.l 

1.0470 

1 2 : .‘>0 

1 :00 

.50 min. 

1 hr.* 

3.5.7 

21.1 

i.nisi 
(h 1.04.56 
1.04S1 


l.Gl ml. Na amyt.al iiitraporitoncal 
Canniilation of carotid completed 
1 ml. Xa amvtal iiitraperitoncal 

Pound tliighs with nihljcr hammer 
at 10-min. intervals. 


; • nuume witii 

. . - r — ll'x clotted canula 

’ 
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Table I (Cont’d) 

Ekkeot of Bepeated AVithbPiAWAl op IIeaut Blood 

Cat srsr,. Weight: S.Dll Kg. 

Sex: male 

Anesthesia: loeal 
Dec. 11, 19S7 


tijie 


AJIOUNT 

REMOVED 


WHOLE 
BLOOD 
K MG. % 


SEP.UM 

K 


mg. % 


SEP.UM SEr.U.^t SYSTOLIC 
SPECIFIC PP.OTEIK BLOOD 
GRAVITY GM. % PRESSURE 


REMARKS 


A.M. 


10:45 ■ 
10:50 
10.: 55 

10 c.c. 

23.5 

11:07 

11:10 


19.1 

11:20 

11:30 

11:45 

11:47 

2 c.c. 
10 c.c. 

10 c.c. 

17.6 

IS.O 

19.5 

11:56 

5 c.c. 

17.0 

P.M. 

12:00 

12:10 

10 c.c. 

19.4 

12:15 



12:30 

5 c.c. 

- 

12:47 

10 c.c. 


12:52 

10 c.c. 

- 

1:02 

10 c.c. 

25.0 


17.4 

1.0274 

6.97 

10.3 

1.0263 

0.60 

15.8 

1.0276 

7.04 

17.3 

1.0272 

0.90 

15.7 

1.0273 

6,04 


14.3 

1.0264 

0.63 

14.2 

1.0258 

0.43 

12.9 

1.0259 

6.46 

IS.l 

1.0261 

6.53 

19.S 

1.0261 

6.53 


Tied on board 

Femoral artery ex- 
posed 
SO 

Quiet; respira- 
tions, 34 
SO 

70 

Panting; respira- 
tions, 00; nicti- 
tating membrane 
out 

74 Panting; respira- 
tions, 190 per 
min. 

74 Eestless 

64 Eestless; strug- 

gling; respira- 
tions, 210 

GO .Struggling and 

panting; very 
restless 

50 Blood clotted on 

taking 

Struggling; pant- 
ing and very rest- 
less; blood 
clotted immedi- 
ately 

44 JIucous mem- 
branes pale; 
blood clotted im- 
mediately 
JCorilmnd 
Dead 
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Table 1 — Cont'd 


Severe Trauma Uxdek Amytal 


Cat 3640. rr eight: S.5S2 Kg. 

Sex: female 

Anesthesia: sodiu7n amytal (70 nig. /kg.) 
Oct. IS, 19S6 


TIME 


RELATIVE 

TIME 

AFTER 

TRAUMA- 

TIZATION 


M’HOLE 
BLOOD 
K AS 
MG. % 


SPECIFIC 

GRAVITY 

WHOLE 

BLOOD 


SYSTOLIC TEMPER- 
BLOOD ATUKE PULSE 
PRESSURE (rectal) 


REMARKS 


A.M. 

9:47 

10:30 


11:25 

0 

15.2 

1.04G2 

120 


P.M. 






12:30 

0 

22.1 

1,0447 



12:45 





06° 

1:20 

35 min. 

24.8 

1.0480 


05.8° 

1:33 





95.0° 

1:33 






1:46 






1 -..OS 





06.1° 

2:10 

1 hr. 25 

22.5 

1.0487 




min. 





2:25 




110 


2:40 

1 hr. 55 

39.4 

1.04S3 




min. 





3 : 0.5 




110 

101.0* 

3:07 






3:25 







3:28 




1.10 


3. : .55 




85 

101.4' 

4 :nn 

3 hr. 15 

lo.n 

1.(1487 




min. 





1:2.5 




60 

101,6 

•1 :.10 

.■! hr. 45 

nfr.r,(ii) 

i.nioddi) 

60 

10,1.0' 


min. 


1.76 ml. Na amy- 
tal iatraperito- 
neal 

Caanulation of 
carotid finished; 
10 ml. blood lost 
1 ml. Na amytal 
intraperito- 
neally 


Crush and pound 
left hind leg 


Pound both legs 
Pound both legs 


Pound both legs 

120 


Pound both legs 
Pound both legs 
.Vnticongulnnt 
25% Na,S,0, 
run in 


IGO 
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SURGERY 


Table I (Cont’d) 
TnAtJxtA Under Ajiytal* 


Cat 3644. Weight: S,G00 Kg. 
Sex: female 

Oct. 83, 1936 


TIKE 

RELATIVE 
TIME AFTER 
INJECTION 

OP AMYTAL 

WHOLE 

BLOOD 

K 

MG. % 

REMARKS 

A.M. 

11:00 

0 

27.5 

Healthy, adult, female 

2.5 ml. 10% Ha amytal (70 mg. kg.) 

11:1S 

11:25 

11:35 

IS min. 

24.8 

Animal unconscious 

Temperature, 9.9.6°; heart rate, 200; respira- 
tions, 24 

Crushed left hind leg by pounding 

11:37 

37 min. 

26.3 


T.K. 

12:30 

12:40 

12:45 

1 hr. 30 min. 

22.9 

Eight thigh pounded 

Temperature, 97.S°; heart rate, 171; respira- 
tions, 26 

1:00 

2 hr. 

24.7 


1:30 

2 iir. 30 min. 

24.3 

Temperature, 99.0°; lieart rate, 198; respira- 
tions, 40 
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'i'AivuK I (Cost'd) 

Effect of Se\-ef.e Muscle Teauha axd Multiple FRAcxunEs IJsder Ether — 

Cost’d 


TIME 

r.EUVTIYE 

TIJIE 

CAPILLARY 

BLOOD 

K -VS MG. % 

SPECIFIC 

GRAVITY 

CAPILIiAKY 

BLOOD 

M'EIGHT 
% LOSS 

REJtAPvKS 

5:35 

1-1 hr. 25 

33.0 

1.0568 


Logs massaged ; res- 


niiu. 




piralions, 112 irreg- 






ular 

0:10 

15 hr. 

40.5 




0:15 

15 hr. 5 min. 




Dead 


Auiopsy . — Severe muscle trauma with some extravasation of blood; ruptured 
muscles very dry 

Compound fracture of both right and left humerus 
Compound fracture of right femur 
Compound fracture of left tibia and fibula 
Lungs; collapsed; petechial hemorrhages on surface 
Heart; in diastole 

Stomach; <lilatod; contained hair ball but not fluid 
Small intestine: cyanotic 
Largo intestine: filled with hard feces 
Liver: red, soft, slightly mottled 
Spleen; red, leathery in consistency 
Kitlneys: hirgc, soft, p:de brown 
Adrenals: soft, tan color 
Bladder; partially fdled 



FiK. i. 
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T.viji.e I (Cost ‘ it) 

Ei'fkct or Si:vi;i!K JIuscee Te.\uxia and Mui/npi.E Pi!actui!es U.ntiei: Etiieii 

Cat 3650. Vcighl: S.6S6 Kg. 

Sex: male, adult 

Dee. 7, lose 


TJ^rK 

ItKI.ATIVK 

TIME 

CAPIELARY 

BLOOD 

K AS MG, % 

sp3:crFic 
OKAVITV 
^ CAPirj.AUY 
BLOOD 

WEIGHT 
% LOSS 

BEMAUKS 

l\SU 






2;.'’.0 


33.8 

1.0525 


Easting 

3:10 

0 

Under 

etlicr anc.-ithesia, botli liind iegs cruslied 

3:20 

10 min. 

29.9 

1.0579 


Bcsjiirations, 104 

3:40 

.30 min. 

3S.2 

1.05GG 


Besiiirations, 190; 






panting 

4:10 

1 lir. • 

.36.0 

1.0568 

3.600 






-2.0% 


5:10 

2 111-. 

34.2 



Kcstlcss 

6:15 

3 hr. 5 min. 

29.7 

1.0576 



7:10 

4 hr. 

23,1 

1.0587 

3.572 

Ears cold ; blood dark 





-3.2% 

and flows slowly 

7:25 





Eespirations, 38 

7:45 

4 lir. 35 min. 

2S.G 

1.0601 


Blood very dark; res- 






pirations, 35 

S:2o 

5 hr. 15 min. 

33.5 

1.05GS 

3.5G0 

Ears and extremities 





-3.5% 

cold 

9:20 

6 hr. 10 min. 

35.8 

1.0553 

3.543 






-4.0% 


9:40 

G lir. 30 min. 

Under 

etlier anestlicsia, right front leg cruslicd 

9:45 

G lir. 35 min. 


1.0553 



10:00 

0 lir. 50 min. 

25.7 



Respirations, 40 

10:25 

7 hr. 15 min. 

29.3 

1.0556 


jUiich salivation 

10:55 

7 lir. 45 min. 

27.0 

1.0551 

3.000 






-5.0% 


11:50 

8 hr. 40 min. 

30.0 

1.0550 


Blood flow poor; 






pulse, 200 

Dec. S 






A.M. 

12:50 

9 hr. 40 min. 

3o*.(J 

3.0505 

.3. 500 

Blond clots readily 





-5.0% 


2:10 

11 hr. 

28.7 

1.0560 


Condition same 

3:10 

12 hr. 

29.9 

1.0560 



4:10 

13 hr. 

ol.S 

1.0560 

.l.lOO 





-> 

6.5% 







Periciirdinl fluid, 39. -S 

4:15 

13 hr. 5 min. 




mg. % 


Heart blooil 






m - 



5 c.c. withdrtiwn 

4:1S 

13 hr. 8 mm. 





■i:tO 

33 Jir. .'10 

Kt Ikt aiH'stlir.sKL Ifjrs 

truinnul iz< 

•d and massaged 


niln. 





■1:5.1 

i;; lir. 1,1 

2S.0 

1.0517 


Convulsion 


mill. 
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Table I (Cokt’p) 

Effect of Manipulation of Intestines With Abkenals Tied Off 

Cat 3706. Weight: 3.742 Kg. 

Sex: male 
Anesthesia: ether 


Jan. 21, 1937 


TIME 

PELaVTIVE 

TIME 

capillaf.y capillaby 

BLOOD K as blood SPECIFIC REMARKS 

MG. % GRAVITY 

Jan. 20 

7:15 

Jan. 21 


25.8 

Healthy, adult, nonfasting 
cat 

A.M. 

11:00 

0 

22.1 

1.0553 Fasting; tied on board 

11:15 

11:25 

11:.10 

15 min. 

ir.c 

Etlter anesthesia, operation 
Both adrenal glands tied 
off 

1.0551 Heart rate, 220; respira- 

n;-15 

11:50 

30 min. 

35 min. 

21.4 

tions, 28 

Hough manipulation of in- 
testines 

Operation finished 

1.04S3 Nictitating membranes out 

P.M. 

12:15 

1 lir. 

2S.3 

Hecoverod from anesthesia. 

12:45 

1 hr. 30 min. 

19.5 

Marked asthenia ; some 
oozing of blood from 
wound 

1.0498 Defecated 

1:.15 

2 hr. 20 min. 

oo ^ 

Struggled 

2:10 

2 lir. 55 min. 

38.5 

1.052S Extremities cold; in shock 

4:00 

4 hr. 45 min. 

Heart blood 

22.4 

Heart blood 
specific gravity 

1.0503 Extremities cold 

5:00 

5 Iir. 45 min. 

25.8 

1.0543 Labored breathing, rate 

98; extremities cold. 

Very restless 

1.0544 Verv weak; died .shortlv 

5:55 

0:05 

0 hr. .50 min. 

30.C 

Avtopsii.- 

—I.unps; ooUnpsod, pink; no 

after taking Wood 

fluid in plcur:vl cavitv 


Itoart: snmo Woody fluid found in prricardinl cavity 

Pcritonral cavity: much Woody fluid; .scro.m showed trauma, with 
extravasation of Wood ' ’ 

Intestines: ooninieteil with extensive siilisorosal liemnrrhano- thin 
fdirinons adiiesion.s present; the ligatured ,'idren:ils pale ’ 

Kidneys: soft, swollen, brown in color; bladder filled 
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Table I (Cont'd) 

Effects op Intestinal Manipulation 

Cat 370S. Weight: S.657 Kg. 
Sex: viale 
Anesthesia : ether 

Jan. 11, 1937 


TIME 


EELATIVE 
TIME AFTER 
StANIPULA- 
TION 


OiVPILLARY 
WHOLE BLOOD 
K AS MG. % 


SPECIFIC 

GRAVITY 

CAPILLARY 

BLOOD 


REMARKS 


Jan. 9 


5:45 
Jan. 11 

0 

2G.0 

- 

Fresh, healthy adult 

P.M. 

12:40 

0 

25.0 

1.0512 

jVonfasting; weight, 3S56 gm. 

I 2 T 45 

Operation under ether 

; viscera manipulated in a towel for 25 min.; 

1:15 

abdomen closed; weight, 3,800 gni 


1:20 

5 min. 

24.9 

1.0500 

Eespirations, ISO 

1:35 




Bespirations, 260; urinated and 





vomited much food 

2:20 

1 hr. 5 min. 

19.6 

1.0483 

Bespirations, 182; vomited thin 
brownish fluid 

Weight, 3,457 gm. 

2:20 




3:20 

2 hr, 5 min. 

22.9 

1.0512 

Weight, 3,429 gm. ; mucous mem- 
branes dry 

3:40 




Eespirations 00, irregular; 
weight: 3,417 gm. 

Eespirations 100; blood obtained 
with some ditScnlty 

4:20 

3 hr. 5 min. 

34.3 

1.0529 



Heart blood 

Heart blood 


5:00 

3 hr. 45 min. 

24.2 

1.050S 




Heart serum 



0:30 

5 hr. 15 min. 

25.0 

1.0535 




Heart blood 



7 :45 

6 hr. 30 min. 

41.0 

1.051S Dead 


Peritoneal 

fluid 

57.1 

^n/on.tw.— Peritoneal cavity filled with bloody fluid. Intestines contracted, ifucli 
snbsero'^ai ecchvmoscs where jiut was handled. Tjivcr and spleen leath- 
eri' in consisfenC 3 -. Gall bladder filled. Pancreas pale. Kidneys tense 
and swollen. Adrenal cortex gray and shrunken; hemorrhage between 
cortex and nicdiilln. Heart in di.astole. Lungs pink and collapsed with 
few petechial hemorrhages on .surface. 
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Table II 

IViiOLK Blood k ix Secoxdauy Shock ix Cats 


CAT 

XO* 

IXITIAr. 

K JtG. % 

niOGEDURE USED TO 
PRODUCE SHOCK 

TIJrE OF 
SUKVIVAE 

K V.VLUE 
IX' SHOCK 
MG. % 

TOTAL 
XUJtBEi: OF 
SAJfPLES 
TAKEX 

ao55 

27.7 

50 cm. strangulated 
loop 

Jejunal loop 

9 Ur. 

36.4 

9 

.1(530 

27.5 

14 hr. 

30.3 

9 

3031 

20.2 

20 cm. strangulated 
loop 

Anemic je.iunum loop 

30 hr. 

66.G 

15 

30.12 

1 1 

45 hr. 

29.6 

0 

3713 

22.7 

Buodenostomv 

3 davs 

44.2 

11 

3010 

30.Q 

Esoplmgeal obstrue- 
tio)) 

3*4 days 

52.0 

11 

303.') 

2I.,S 

Duodenal ob.struction 

.3)/> davs 

39.7 

11 

3718 

.35.0 

Duodenostomv 

4 davs 

61.5 

18 

3712 

•20.1 

.Te,iunostomv 

4 davs 

84.0 

9 

oVl < 

37.1 

.Tejunostomv 

4 davs 

86,6 

9 

3721 

25.5 

Gastrostomy 

5 davs 

'17.5 

11 

3721 

22.0 

Gastrostomy 

5 days 

40.9 

16 

370n 

ID.S 

Ileostomy 

5 davs 

84.S 

10 

3049 

2-1.3 

Bancrentitis 

5 davs 

52.3 

10 

3C3S 

31.7 

Duodenal obstruction 

7Vj days 

42.0 

16 

3710 

21.1 

Ileostomy 

10 (lays 

4S.0 

21 


In attempting to coiT’clnto the divevjtcnt theories coneei’ning the causes 
of death in adrenal insufficiency (Zwemer and Ti'uszkowski, 1937), in- 
testinal ol)struetion (Soudder, Zwemer, and Truszkowski, 1937), and 
intestina! fistulas (Scudder and Zwemer, 1937) consideration of potas- 
sium as the unknown toxin seemed to make the various explanations 
more com\)atihle. Since in a condition of shock our present data show 
a rise in blood potassium to high levels, it seems rcasonahlc to hclicvc 
(hat inadcriuate potassium regulation is also a factor which must he 
considered in any exjilanation of shock. 


SIMMARY 

Tiie remarkaiiiy constant regulation of potassium hy tiie body is 
altered during the condition of siiock. Fluctuations suggest alternate 
success and failure of regulation, and a sudden increase precedes death, 
f’criphcral blood sami)le.s are not always indicative of the clianges tak- 
ing place internally, especially in the fiuids of closed cavities, such as 
liericardial and cerebrospinal Iluids (Table 111). 


T.\m.E m 


I’ll! sssll M ViiSTI.NT Of SoMi; ItollY 


Fi.euis .\T Timk nr Bk.itj! J’kom Shock 


<'vti'iiiii>|iiii!tl lliiiil 
I.MIl)iil 

Pi rirjoitcil ttuc! 

I'f! Ilii|ic;il a, lilt 

'i'omci.'itifc! tiv.-iic ili,;,) 


r; K- 
mji. '/f K 
■IKS mo. r; K 

.ir.t mo K 
an;. C; K 
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Fig. S. 


beds, to capillaiy leakage and filling of tissue spaces, or final!)' to a loss 
of extracellular body fluids by hydration of cells, lilaintenance of a 
constant body weight would favor the explanations of internal redis- 
tribirtion; whereas, a weight decrease would strengthen the view of 
anhydremia by actual fluid loss from the body. 

Others believe that the presence of some toxin is necessary to explain 
all of the phenomena. Tliis toxin was first thought to be histamine, but 
the term “H” substance is now generally used for this histamine-like 
constituent of tissues whicli is released by injury. It is probable that 
potassium is an important “H” substance always available. 

The relation of adrenal cortex function to shock is attested b.y an 
extensive literature. Treatments of various types of slioek, sueli 
as ti’aumatic (Swingle aiid Paikins, 1935), anaphylactic (Wolfram and 
Zwemer, 1935; Dragstedt and others, 1937), histamine (Wyman and 
Turn Suden, 1937), and the toxin of intestinal obstruction (Heuer and 
Andrus, 1934; Wohl and otliers, 1937) are represented. The evidence 
that potassium regulation is a function of the adrenal cortex (Zwemer 
and Sullivan, 1934; Zwemer and Truszkowski, 1936, 1937; Truszkowski 
and Zwemer, 193S) is receiving increasing support (Allci-.s, 1936; 
Harrop 1936; Nilson, 1.937; Thorn, 1937). Since a marked increase in 
extracellular pota.ssium is injurious to cells and injured cells lose potas- 
sium a vicious cycle ending in death may he initiated if the plasma 
K is allowed to rise. Therefore, rational therapy for shock should in- 
clude measures which enable the body to restore and maintain a normal 
potassium level in body fluids. Thc.se are sodium salt tlicrai))', ade- 
f|ualc but not o.xccssive fluid admini.stration (Seudder, Zwemer, and 
Whipple, 1938), and eortin therapy. 
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^ Detailed data from twelve cats (Table I), and supplementary informa- 
tion from sixteen other animals (Table II) are presented. 

the'Imytal%xper~tl""‘‘^' for l.is assistance In 
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iiig mauojneters mounted on a kj'mograpli. Continuous records of 
respiration, pulse rate and blood pressure xvere made tlirougliout the 
experiments. Portions of tliese records are shouui in Figs. lA and 2A. 

Because sodium citrate was used in the system connecting the carotid 
artery and manometer, it xvas possible for minute quantities of sodium 
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STUDIES OP SODIUM, POTASSIUJI, AND CHLOEIDES OP BLOOD 
SERUjM in EXPERIjMENTAL TRAUaiATIC SHOCK, SHOCK OP 
INDUCED HYPERPYREXIA, HIGH INTESTINAL OBSTRUCTION, 
AND DUODENAL PISTULAS 

J. Dewey Bisgard, M.D., A. R. McIntyre, M.D., and 
ML OsHEROFP, M.D., Omaha, Neb. 

(Fiom the Dcpai tmcnis of Surgery and Fhysioloyy, Vnirersily of yehraxl-a CnUcyc 

of Medicine) 

TN VIEW of tlie profound disturbances of tissue metabolism, blood 
^ volume, and ivater balance a.ssoeiated with traumatic shock, lij'^per- 
tliermic shock, and high intestinal obstruction, chemical alterations 
of the blood would seem inevitable. There has accumulated much 
evidence to show that this is time. 

Tliis investigation had for its purpose the determination of the' ex- 
tent to 'ivhich certain of these changes, namely the alterations in the 
relative proportions of serum sodium and potassium, play in the pro- 
duction of sj’mptoms and in the cause of death. It will be observed 
from an analysis of the re.sults that there exists no constant relation- 
ship, also that the quantitative changes in both sodium and potassium 
appear to be incidental to the changes in blood volume and concen- 
tration rather than the cause of the prostration and death. 

experiments 

Sixteen dogs were used for nineteen experiments. Chemical anaU’sos 
were made upon blood serum from blood aspirated from the heart. 
In one animal, for purposes of comparison, determinations were made 
upon both whole blood and serum from samples of blood taken simul- 
taneously. Contrary to certain reports, we found a wide varintiou in 
the content of sodium and pota.ssiuin in serum as compared to whole 
blood. Blood chlorides were determined by the method described by 
Saifer and Kornblum and the sodium and potassium by a modification 
of the methods of Kramer and Ti.sdalJ ami Saht described by Morgulis 
and Perley. With only a few exceptions, each analysis was run ni 

duplicate. 

trau-matic shock 

After taking blood for normal control determinations, 3 animals 
were anesthetized with ether and traumatic .shock was induced by 
contusing both lower extremities. In 2 luiimals. Dogs IR and 2R, the 
trachea and carotid artery were canmilatcd and connected to record- 
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Detailed aualyses of the results of the experiments are shoivn in 
Pigs. lA and B, 2A and B. They consistently showed the following 
changes: (1) A sharp fall of both sodium and potassium with the 
induction of ether anesthesia. (2) A slight rise but continued subnonnal 
level of both sodium and potassium with the progressive fall in blood 
pressime until the degree of shock became profound and terminal. 
There was then a sharp rise of potassium in all animals. In one, 
Dog IK, it mounted to an extremely high level; in another, Dog 2K, 
to a level slightly above the preoperative level; and in the third, 
Dog 4L, it never reached the preoperative level. In Dog IK adrenalin 
was given intracardially minutes before the first blood sample, 
which showed a very high level of potassium, was taken. In this 
case we believe that the adrenalin was probably at least partially 
responsible for this response because simultaneously there was a 
precipitous rise of blood pressure. (3) No significant changes in blood 
chlorides. (4) The sodium-potassium ratio rose with induction of 
anesthesia and progressively fell as the blood pressure dropped. 

INDUCED HYPERPYREXIA 

In 4 dogs fever was induced and made to progress to a lethal degree 
in a heat chamber of Kettering design. As in the preceding experi- 
ment, continuous kymographic records were made of respirations, 
pulse, and blood pre.ssure in 2 animals but omitted in 2 dogs to avoid 
the possible influence of the sodium in sodium citrate used in the 
manometric system. The anesthesia consisted of amytal administered 
orally and supplemented by ether induction. 

Composite data of the expei-imental re.sults arc shown in Pig. 3A 
and B and in Tables I and II. They may be summarized as follows: 
(1) Induced fever became lethal at 112° F. (2) Blood pre.ssure began 
to fall as the temperatures reached 104° and fell rapidly to shock 
levels as temperatures mounted above 108°. (3) Potassium fell with 
the induction of anesthesia and then rose to levels of 30 to 50 per 
i-ent above the normal control levels with the induction of fever. 
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to enter the blood stream. For this reason the blood studies in the 
third animal, Dog 4L, were made Avithout recording blood pressure. 
Since in this animal the analyses did not differ significantly from those 
in Avhieh blood pressure recoi’ds Avere made, it aa'ouM appear that if 
sodium entered the blood stream it did so in too small quantities to 
influence the leAmls of sodium and potassium of tlie serum. 




I Sc^cUons from .-i continuous kynioKrripliic recoril of Induced 
,f'~7hnric ^^Vhc'n the Wood pressure had fnllen to 30 nim. IlfT. 7 nilns. of 
traumatic n.r.acardlnlly. Imnicd/ntely the pressure rose to ii.i mm. and 

adrenalin was > death. If. Plotted with the blood pre.s.sure curve 

then fell oeriiPhlc record lliu.stratrd In d are the concomitant liiictuatlon 

sociunt. potassium, and chlorldo.s. Note the Inlti.U fall of sodium and 
Ij.nssiiim With induction of anc.sthcsia. the rrrndual return (o prcopcrutlve levels with 
m^ia.iorimcnt of shock, and then the precipitous ri.se to ver>- hiKh level.s with the clevii- 
tion of blootl pre^.sure n*h!ch followc<l Injection of nOronalln. 
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Detailed analyses of tlie results of the experiments are sliown in 
Figs. lA and B, 2A and B. They consistently showed the following 
changes: (1) A sharp fall of both sodium and potassium with the 
induction of etlier anesthesia. (2) A slight rise but continued subnoi-mal 
level of both sodium and potassium with the progressive fall in blood 
pressure until the degree of shock became profound and tei'minal. 
There was then a sharp rise of potassium in all animals. In one, 
Dog IR, it mounted to an extremely high level ; in another, Dog 2E, 
to a level slightly above the preoperative level; and in the third. 
Dog 4L, it never i-eached the preoperative level. In Dog IR- adrenalin 
was given intraeardially 1^/^ minutes before the first blood sample, 
which showed a very high level of potassium, was taken. In this 
ease we believe tliat the adrenalin was probably at least partially 
re.sponsible for this response because simultaneously there was a 
precipitous rise of blood pressure. (3) No significant changes in blood 
chlorides. (4) The sodium-potassium ratio rose with induction of 
anesthesia and progressively fell as the blood pressure dropped. 

INDUCED nyPEUPYREXIA 

In 4 dogs fever was induced and made to progress to a lethal degree 
in a heat chamber of Kettering design. As in the preceding experi- 
ment, continuous kymographic I’ecords were made of respirations, 
pulse, and blood pressure m 2 animals but omitted in 2 dogs to avoid 
the possible influence of the sodium in sodium citrate used in the 
manoiiictric system. Tlie ane.sthesia consisted of amytal administered 
orally and supplemented by ether induction. 

Composite data of the experimental results are shown in Pig. 3A 
and B and in Tables I and II. Tliey may be .summarized as follows; 
(1) Induced fever became lethal at 112° P. (2) Blood pre.s.surc began 
to fall as the temperatures reached 104° and fell rapidly to shock 
levels as temperatures mounted above 108°. (3) Potassium fell with 

the induction of ane.sthe.sia and then ro.se to levels of 30 to 50 per 
•■cut above the normal control levels with the induction of fever. 
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Table II 


Bog 502 — ^Hyperthermic Shook 



[ RF.OTAL 

TEAIPER.ATURE | 

SODIUM 
MO. % 

CIILOrvlDES 
MO. % 

POTASSIUM 
MG. 9r 

OAI-CIUM 

MO. 

1. Normal control 

101.4 

286 

368 

12.4 

.0.92 

2. After induction 


274 

354 

12.5 

11.1 

of anesthesia 






3. Hj-perthermia, 

100.0 

254 

300 

0.5 

10.37 

40 min. 






4. Hyperthermia, 

55 min. 

106.8 

262 

371 

8.3 

10.05 






5. Hyperthermia, 

60 min. 

107.5 

255 

i 

373 

10.5 

10.40 

0. flyporthermia, 

65 min. 

108.0 

258 

875 

I 

12.0 

j 

10.24 

1 

7. Hyperthermia, 

110.0 

282 

.17.1 

12.0 

10.15 

00 miri. 






8. Hyperthermia, 

111.8 

282 

380 

14.0 

10.18 

115 min. 

1 




+ or -1 9r 

Experiment error 


+ or -4 Of, 

+ or -2% 

+ or -597 


The rise in potassium rouglil.v paralleled the rise in fever in 3 animals, 
but in 1 it reached a maximum at a temperature of 106° and, although 
it then fell, it remained above the control level until the animal was 
in extremis, (4) Sodium and chlorides remained relatively unchanged 
in 3 dogs. In 1 the sodium fell consistently, falling to nearly one-half 
of its control level, (5) The sodium-potassium ratio showed a slight 
rise with induction of anesthesia and a fall ndth development of fever 
and shock. 

Determinations of serum calcium were made in 2 dogs. In both a 
slight rise Avith induction of anesthesia Avas folloAved b.v a slight fall 
to the normal initial level or slightly beloAV it. 


INFLUENCE OF ETHER ANESTHESIA AND ADRENALIN 

Determinations of these influences Avere undertaken because the 
serum potassium had sIioavh a sharp drop constantly and consistently 
Avith induction of ether anesthesia in the experiments described above 
and had mounted to an exce.ssively high level immediate y alter the 
administration of adrenalin in the one dog Avhich received it while n. 

^’'Thrrcsidtrm^ shoAvn in the graphs, Fig. 4A-r. Will, both ether 
■nul adrenalin potassium fell sharply but transiently and returned 
m-omntlv to tlie normal control levels. At no time did the potassium 
rise above the iioriiial contrid levels. «odium and ehlorides shoAvcd 

• oh-m‘re The ratios of .sodium ami potassium Aviricd 

no sigiiilicanr ■ 

inversely with the thictnations oi ]iotassmm. 

IIICH INTESTINAL OBSTRUCTION 


At A-arying levels and by various menus, tlio duodenum was eom- 
pletelv ob.sfrueted iii 5 animals and the duodenum and proximal 
jr.iiimim in 2 animals. 
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1. Ohstrudion htj Divisio)i.—In 2 clogs obstruction was produced by 
severing tlie bowel and turning in the eoids with two rows of sutures. 
In 1 dog tlie obstruction was made just below the pylorus; in the 
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otliCTj a few, centiiiietex’s' below the ampulla of Yater. Thus, iu the 
clog with pyloric obstnietion only gastric secretions were excluded 
from the intestinal tract. Bile and pancreatic and intestinal seci'etions 
could move down the tract unobstructed, but in the latter animal all 
of these secretions likewise were excluded, However, the dog with 
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i.bsinwtimi almvc llic ampiilla lived ;i2 imur.s. 10 lionr.s longer liiun 
the one ohvtrticled below if. 

As shown in the Protocols ] and 2 and in Fig. 5.1 and 7>* there 
was eonsistently a prceipitons fall in ehloride.s. a rise of pofassi,„„ fo 
Is and 2i; per ..eni jdmve i>reoperative levels, and a .slight fall in tiie 
'•'•■i>'na.po,;.vsi,„„ ratio. In the animal with pyloric, ohstrnction there 
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tiou was I’eleased and spontaneous anastomosis occurred. The latter 
animals, after becoming almost moribund, completely recoA'cred. 

Consistently in all of these animals there was a large and rapid 
fall of chlorides and a lesser fall of sodium. Potassium increased 
from 18 to 30 mg. per cent in the dog which developed peritonitis 
but in the other 2 it not only promptly fell below the preoperative 
level but also remained below that level. The sodium-potassium ratios 
in all 3 animals varied inverselj' with the levels of potassium and all 
lost weight, 1 as much as 23 per cent. See Pigs. GJ. and B and 7 
and Protocols 3, 4, and a. 
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I'lc. f). — .1. DiiDclt'D.i! obstniclion by Ilp.ntlnn. .\ I.irKo iirocre.'-fslvc <l<-prca«o In 
rbloiblcN line ti IniKi' ti'niiliinl Incn’.-is- (n i>nO>^.-!imi. In !i<UUtlon to ob'tlmctlon 
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fXi.i rlini'm pnnilbls Unit lllu.«tnit»‘il In J'lp, T. Uct'-rniitintions of yotllum nml notn<'- 
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The records of 2 of tliese dogs deserve individual comment. 

Ih.g lOlK. 00 hoims after simple ligation of the duodenum 4 cm 
below Ihe amimlla of Vater. became so weak that it was unable to 
stand. The mouth was tlry and the eye.s were covered with a thick 
n.uemd diseharge. Mnsele groups twitched irregularly throughout 
he body and there had heen a lo.ss of 17 per cent of hodv weiH.f 
l-lerales h.nd fallen fnm, 370 to lOfi mg. per cent. Pota.ssinm. after 
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was a rise in sodium, wliile in the one with obstruction below the 
ampulla of Vater the sodium fell progressive^. The latter animal 
lost 13 per cent of its body weight. 

PCOTOCOL 1 

Pylomc Obstkuction by Division* 


Dog 3K, male; v eight, 12.3 kilo. On July 22, 1937, the duodenum was divided 
immediately distal to the pyloric sphincter and the ends were closed by inversion. 


HOURS 

POSTOPER' 

ATIVEEY 

REMARKS 

RECTAL 

TEJtPERATURE 

SEUUJI 

CHLORIDES 

SERUM 

SODIUM 

SERUM 

POTASSIUM 


Preoperative 


3S2 

307 

21 

9 

2G 

Considerable vomiting; 
dry and slightly 
apathetic 

Weak, unsteady gait; 
apathetic, dry, gaunt 

102.S 

104.0 

2SS 

393 

25 

42 

Stands unwillingly ; 
eyes contain mucus; 
muscles tvviteli 

103.0 

230 

355 

2G.G 

50 

Refuses to stand ; mus- 
cles twitch 

101.0 



26.4 

60 

Death — Autopsy; peritonea) cavity clean, suture linos tiglit, stomach con- 


traoted, duodenum distended, heart normal, terminal bronchopneumonia 
both lungs 


2. Ohstruction hy Simple Ligation . — In 3 dogs the cluodenum was 
obstructed immediately below the ampulla of Vater by simple ligation 
with broad strands of cotton tape. Tliere was no interference with 
circulation. In all dogs the tape cut through the bowel, resulting 
in leakage and peritonitis in 1 dog, while in the other 2 the obstruc- 


PnoTOcoi, 2 

Duodenal Obstruction bv Division 

Dog 2L, male; weight, 14.47 kilo. On July 22, 1937, the duodenum was divided 5 
ciu. below the oHipulln of Voter and tbe ends 'wore turned in. 


HOURS 

POSTOPER- 

ATIVELY 

resiakks 

rectal 

TEMPERATURE 

SERUM 

CHLORIDES 


Preoperativc 


395 

IS 

Vomiting several 
times; apathy; 
dehydrated 


2G1 

25 

Some, but less vomit- 
ing; weak, but 
stands and wags 
tail slowly 

104.0 

43 

Verj’ weak, listless and 
unable to stand; 
eyes coated with mu- 
cus; irregular twitch- 
ing of all the muscles 

100.0 



snrwU-M 

soprrrsr 


422 


4on 


r,ni 


SERUM 

roTASfiiv^r 


27A 


op o 




Dead — Autop.yy: abdomen dry and clean, suture lines stomach and 

duodenum collapsed, below obstruction bowel slightlv dilated; lungs dear, 
heart normal 














]51i50AltD ET AE. : STUDIES OP SEKOJI SODIUJI AND POTASSIUM 539 


PROTOCOL i 

Duodexal Obstkuctiox by Simple Lioatiox 

Dog lOlR, female; weight, 7.03 kilo. On July 27, 1937, the duoilemim was ligate;! 
with a broad piece of tape, 4 cm. distal to the ampulla of Vater. 
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Protocol 3 


Duodenal Obsteoction by Simple Ligation 

Dog 203 L, feinnle; weight, 4.74 kilo. On Aug. 3, 1937, tlie duodenum was ligated 2 
cm. distal to the ampulla of Vater with a piece of tape .so placed that it did not 

disturb circulation. 


HOURS 

POSTOPEE- 

ATIVELY 


19 

,41 

51 

52 


hemaPvKS 


RECTAL 

TEMPERATURE 


Preoperative j 101.2 I 306 I 345 I IS.O 

Vomiting; sliglifl.v | 100.4 | 324 I 366 j IS.O 

apathetic 

Some vomiting; dry; 1 103.2 | 319 

looks quite U'cll 

Weak, but stands and | lOl.S | 242 

wags tail; drj’ 

Very weak, refuses to 
stand ; scum over 
eyes; muscles twitch 

% weight loss, 13.5 , , , . 

Dead— Autopsy ; purulent exudate throughout peritoneal cavity hut peri- 
toneum only slightly injected: ligature cut through bowel wall resulting 
in leakage; stomach and bowel collapsed; both lungs contained hemor- 
rhagic are.as ; _____ 


102.0 


SEP.ror 

CHLORIDES 


.SERUM 

.SODIU.M 


351 


314 


SERUM 

POTASSIUM 


20.0 


.30.0 


an iuitial drop from 30.5 to 21.4 mg. per cent diii'iiig the first 55 hours, 
had regained much of the loss but reached a maximum level of only 
29 mg. per cent. 

At this time the animal’s deatli seemed imminent, but 24 lioiirs later 
there was unmistakable evidence of improvement, tvliich lasted about 
48 hours. Then there developed a return of sjmiptoms and again 
death seemed imminent. But at this time, 192 hours, 8 da.vs following 
operation, something happened and from this time on the ainmars 
condition constantly and rapidly improved. Subsequent exploratory 
operation showed that continuity of the duodenal lumen had been re- 
established by spontaneous anastomosis. Vfith the beginning of im- 
provement on the eighth day, the animal began to take water and 
there followed a sharp rise of sodium and a progressive but slower 
rise in chlorides. There was no change in the level of the potassium 
until the animal began to take food 96 hours later or on the twelltli 
clay. It then progressively mounted. 

Interestingly, there was no appreciable gain in weight durmg t ic 
first 7 days after the beginning of improvement and of ingestion o 
water. Before there was a gain in weight the sennit soi niin am 
chlorides had returned to nearly normal levels. 

In Dog 401R analyses of sodium and potasshnn were made upon 
both serum and whole blood from samples drawn simultaneous > . 
The sodium of both serum and whole blood decreased and, wholly the 
values were plotted, formed similar curve.s. The curves of jiofassium, 
however, were completely reveivsed. J’ofassium of the serum showed 
a progressive deeroa.se and that of ivhoie blood a progressive incrca.se. 
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3. Ohstruction With Stranguhtion—lo. 2 dogs tlie duodenum below 
the ampulla of Vater and including a small upper segment of jejunum 
were strangulated by encircling the loop with a piece of tape which 
was tied with tension sufficient to cause obstruction of the bowel and 
of venous return but not of the arterial blood supply. The loops were 
20 cm. and 12 cm. in length. The dog with the longer loop died in 
18 liours, while the one with the short loop survived 27 hours. Each 
dog lost approximately 10 per cent of its body weight and showed no 
significant alteration of blood chemistry. The chlorides dropped only 
•slightly and the sodium in each instance, after a transient, abrupt 
elevation, returned to the noi-mal preoperative levels. Potassium m 
the dog with the long loop remained unchanged; in the other one it 


Jbij m it tj tAfl 


■iz 


•//* 



I'Ir. 7. — Dxioilcnal obstruction with recovery. After becoming moribund, this animal 
roeoverotl. The IlRature Iiinl cut throuch and an end-to-end anastoino.sls hivd been 
c.stabllsbcd spontaneously. Note thnt the aerum potassium a.s well as the sodium 
ami chlorides decrea.scd proRros-sivcly until the animal began to recover. After taking 
water on the sixth day. then; was a sudden drop to verj" low levels, presumably tbe 
result of dilution. Note that the potaa.shim Inerea.sed more slowly than sodium and 
chlorides during rccovciy. 


tU'crcascd from a preoperative level of 25 to 20 mg. per cent. (See 
Fig. 8.-1 and B and Protocols 6 and 7.) 

it shouhl be noted that in these animals in which strangulation was 
superiinposeil upon ohstruetion and in which deatii occurred earlv 
t!ie serum potassium never beenmc elevated above tlie normal pre- 
operative levels. 
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. A.n,;j}q nujst;,. oqj jo i|t« .{(iio ^oii jijo.u riinsij oqi i|,'iiuuii} iv(,m 

'PIS oi[} 0 } p3.in)ns o.i.xu sptio ijjoq jo KinJi.iuni .-..uj oq, pm; ‘.uni; \ ju 
cnnduic oip .wopq nil.-) g .\>))i;unxo.i(l(i,. -j.ip.joq .■i!.u>nt,>s.„i, .,q, ..mCu 
JO o^.puq ip’iits i; .loj plonx.i ‘p.ipi.\ip sij.u muiuipoiip oqi sniop uj 

SA-'i.nis-i.i nv.v::i<u).na 


•sp),\,-q oAijv.unlo 

-3.1(1 pnu.Tou oqj o.\oqi.’ p.-niuvapi oiiiiMoq .i 3 .\.Tir iiiiiissinml tim.tos .np 
.vpnia po.i.iuDOo qpiop n.-iiq.u iii pun iioipm.i'js-qo iiodii p.isoditii.i.idns 
SU.w tiopt;{ii°in!.i;s qaiq.w lit spiiiinni osoip iii ]i;qj painii 0 (i pim)q« if 

('L Pt"-’ 9 sio.io)O.Pl pitu U pill! VS 
'Pioa .lod -iiiii oj; o; oj; jo ]3.vo[ o.vpn.iadon.id i; tiio.ij p.nsii.i.i.iop 


‘.OOAOODJ iiujjnp j'opiaoniA 

pu-c urnn>os irciU •'^lAvois ojoui posiiDJDUi iunis'KT:iocl oin ‘uonnup jo uns.u 

nifj .<iqt;iuns'OJcI ‘sjoaoi a\oi .<J5a oi dojp uoppnR v ri?av Djaq^ 'Aup JaprA\ 

Sui^pj; ‘JDAOooa oj UT23oq iT3iU|U« oin mun ApA|RRa.i3ojU paKTJAjDap sapjjopp pair 

uit\jpo3 aqi sn umissu^od irnuas a\i> a>ox •Xisnoaim^iioils pDiiKqqviKa 

uoDq pT)i| sjsoiuoiSTiUTj puo*oi-puo uu puti ipnojqi ptjq ojnn’Sn J>qx ‘p^J^^Aoaoj 
imujuc Rpn ‘punquoux Supuoooq JOUV ‘.^JOAoaaa uojpnJiKqo ;i!iiaponci — 'L *3^^ 



xvjri^; jt/jw wjr/:j fg /'•'/••CT JT ^•C" 


jr oiro .loqjo oqj in ■ poSuBipun panieraa.i doo^ Suo^ aqj qjiAv Sop oqj 
HT ttmissBjoj -spAa^ aAijB.iadoa.Td pin.ion aqj oj panjnja.i ‘noipAaja 
idn.iqu ‘jnaisuBaj b .lajjB ‘aaiiBjsxu qaBa tii itimpos aq; piiB .CpqSip 
.quo paddojp sapiJOiqa aqx ’.‘f.ijsiinaqa poo^q jo ixoijB.iaip jiiBagiuSis 
ou paAvoqs puB jqSiaAi .<?poq sji jo jxraa .lad oi ^^pJlu^Ixo.IddB jsoj Sop 
qoBg; -s.moq iz poAiA.ms doo| j.ioqs aqj qjiAi ano axp apipu ‘s.xixoq 81 
XU paip dooj aaSuoj aqj qjpvv Sop aqjj •qjSxxaj xxx -rao z\ pt "2 -uia Qo 
a.xaAi. sdooj aqj, ‘j^iddns poojq jBi.xapxB aqj jo jou jnq ujnpj snonoA jo 
puB jaAvoq aqj jo noipn.xjsqo astiBa oj juaxagjxis uoxsxxaj qjxAx paij sbax 
qaxqAV adBj jo aoaid b xpxAX doo[ aqj SxrqoApua ^q pajBinSxiB.xjs B.xaAv 
xtmunCaC jo jnauiSas .xaddn jpxas u Sxnpnpux puB .xajBjY Jo BpxvdxuB aqj 
Aiopq xrmuaponp aqj sSop g Tq—-uoiivinDiivj}S WAi ‘tmpn.tfsqo '8 

qpG ICfllSSTiOd CLNy ItUIQOS KflJISS .iO SUXaillS • 'UV QHV9SIS 






C P'"’ 8 ^lo.iojo.Tj [)in! II j)in: j'l; •iiiii[ssi!|ii(i jo suntjt^iij.niii 

fn}] .\ps.iP.vii; i)0.no|[oj soijim luiiissKiod-uimiiov 

.10 ')TIO|SISUO.‘t otl pOAVrtll^ tliuipus' pui! *Sp*VUnnt 


.ii» tJituvi i jfi-t 

JOIUP JO KpAOI Ot(J U} KUOj-jV'j.'JIi; Ol<llM.v-atliHr <‘U .*l »m ’\{\y >\> AJii't UM'V 

vjinoxo) pmiojoj'l ojuI^^acx ‘nnfjiijnMuvjjs* w tto}).injiv-{;ft — •»/ ftn* vs 

Vf T 

runo^ 

/r f/ t/ ^ o f/ ^ 0 



daorj- 5 -«T 5 77 
p- 3 J 7 rf/T^V^^ 

n Tor, *«’< 2 ' 


Joolf •S'«5 OC 
uin^sponcr 

papxriWTceiQ}^ W 

M xor Boer 

OOS 


.„o am m sa apaai i«.I -t»A o, .Cp.'.asa.,3o.,a pasaMoap aap.aoim 
aqj, inaa'-Tad Sm ZZZ I™" S'9S !■> sp-vai aA,,a.,aaoa,,<I raoaj ,.i»a .,ad 

n-ninos Kfiaas a?o sHicinJ.s ja anvnaia 


Knissv.T,oa (ikv iv'niaos icnaas 



MARTIN AND TRUSLER : DEATH IN LIVER PERITONITIS 


65 


stimulate tlie sympathetic nervous system, causing a rise in blood 
pressure. The most important of these pressor bases are isoamyl- 
amine, derived from leucine ; tj'ramine, derived from tyrosine ; and 
plienolethylamine, derived from j)henylalani^ie. There are also amines 
derived from amino acids in the process of putrefaction of protein 
.which stimulate nonstriated muscle and constrict arterioles, even 
though causing a fall in blood pressure. The most important of these 
bases is histamine, derived from histidine. 

All of these amines are derii’ed from cj'clic amino acids of proteins 
b}’' the process of decarboxylization (loss of CO®). It is a debated 
question Avhether or not autoi 3 'sjs of protein, unaided bj’ bacteria, can 
produce these amines. Thej* have all been found in putrid protein 
material and the general belief is that bacteria are essential for their 
formation. Furthermore, it has been reported (Hanke and Koessler®) 
that certain strains of bacteria will specificallj' decarboxjdate histidine 
to form histamine, while others decarbox.vlate tju-osine to foimi tju-a- 
mine, but the same strain will not do both. We believe this observa- 
tion oilers a satisfaetorj- explanation for the observation that dog 
liver incubated without contamination bj'^ extraneous bacteria results 
in the production of pressor amines (tj'ramine), while dog liver incu- 
bated with contaminating bacteria sometimes contains onl.v substances 
Mhich depress the blood pre.ssure (histamine). We believe tliat the 
nature of toxic amines, whether the.v are histamine- or tyramine-like 
in character, depends upon the strains of bacteria acting upon the 
liver substance. In our experience, a more marked toxemia and shock 
is caused bj’' ineubated liver containing a preponderance of liistamine 
and other substances which depress the blood pressure. 

Our experiments have demonstrated that puti-efaetive amines and 
])Ossibl.v other heat-stable substances produced bv the action of bac- 
teria upon liver in vitro are ver.v toxic. The supernatant fluid from 
200 to 300 gm. of incubated liver killed an ane.stlietized animal when 
it was given intravenousl.v. When the supernatant fluid from onlj- 100 
gm. of incubated liver Avas given intravenously to a dog without anes- 
thesia. it cau.scd immediate death. The terminal event was marked bv 
('oiividsive seizures. 


When bacteria act upon protein material outside the gastrointestinal 
tract, they may produce lhc.se toxic substances Avhieli enter the general 
circulalion without being detoxified by the intestinal mucosa and liver 
We believe that this is probably what occurs wlicn eiflier liver mate- 
rial containing bacteria or ineubated, autoclaved liver eontainiii" "the 
prodm-ts of bacterial digc.stion are placed intraperifoneallv in the'^do- 
We believe that these water-soluble, beat-stable toxins are important 


factors which contribute to rapid death in so-Jallcd ^liv V j eri 
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liver illtl•aveuo^^s]3^ TJie sixth dog wns given only the supernatant 
fluid fraction intra2)eritoneall3^ The results of tlie experiment are 
given in Table I. 

Table I 

The Efeect of Subjectixg Dogs to Simcltaxeous ] xTaonucTioxs of Autoclaved, 
Fbesh, Grouxd Dog Livek axb the Superxatast Fluid Fkojc Dog Liver, 
Incubated Sevexty-Tvo Hours, and Sterilized by Autoclaving 


DOG 

PROCEDUKE 

RESULT 


64 

One liundred grams of autocaved, fresh dog liver were 
placed intraperitoneall 3 -; at the same time the ani- 
mal was injected intraperitonoalh' witli the super- 
natant fluid from 100 gm. of dog liver, incubated 
sevent 3 '-two hours, and sterilized b 3 ' autoclaving 

Died in 
44 hr. 

40 

to 

65 

.Same as Dog 64 

Died 

in 

32 

hr. 

66 

One hundred grams of autoclaved, fresh dog liver were 
placed intraperitoneallj-; at tlie same time the ani- 
mal was injected intravenous^' with the supernatant 
fluid from 100 gm. of adult dog liver, incubated 
seventj'-two hours, and sterilized b 3 ' autoclaving 

Died 

in 

14 

hr. 

67 

yame as Dog 66 

Died 

in 

16 

lir. 

6S 

One hundred grams of autoclaved, fresh dog liver were 
placed intraperitoneall 3 ' 

Survived 
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The supernatant fluid from 100 gm. of adult dog liver, 
incubated seventj'-two hours and sterilized bj' auto- 
claving were placed intraperitoneallj' 

Survived 




The table slioivs that neither the autoclaved fresh liver nor the super- 
natant fluid from incubated liver sterilized b.v autoclaving caused 
death. This conflrms observations we have made a number of times. 
When, howev'ei’, the supernatant fluid from autoclaved, incubated liver 
containing heat-stable toxic substances is given either intraperitoneallj' 
or intrav^enousl}' to an animal subjected to intraperitoneal implanta- 
tion of autoclavmd fresh dog livmr, death results. The experiment indi- 
cates that death occurs more rapidl.v ivhen the supernatant fluid from 
incubated liver is given intravenousl.v. We can offer no conclusive 
exiilauation for this result. lIoweA'er, following intraiieritoneal im- 
jilantation of the toxic amines, it is logical to assume that a certain 
amount would be deaminized bj' the liver. Furthermore, it is possible 
that the autoclaved, fresh liver substance adsoi'bs part of the toxic 
material in the supei’iiatant fluid and dela.vs iieritoneal absorption so 
that the life of the animal is prolonged. 

Tlie experiment indicates that death of the animals was probabbv 
due in part to slroek caused b3' irritation and loss of fluids intraperi- 
tonealfv. Intrajieritoneal absorption of liver protein plus fhe intro- 
duced beat-stable toxins produced in incubated liver were also impor- 
tant factors in causing rapid death. 

DLSCUSSIOX 

It has been reeofrnized for a. number of 3'ears that among the products 
of protein piitrefaetion are several amines tliat have marked power to 
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5. It is conceivable that deep-seated infections in Iranian subjects 
may give rise to toxic amines wMcb enter the general circulation and 
contribute to the shock syndrome frequently associated with such 
infections. 

We wish to express our appreciation to Dr. W. D. Gatch, under whose supervision 
our investigations originated. 
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death. The iutraperitoueal absorption of liver protein per se is asso- 
ciated with tlie loss of fluids intraperitoneallj' and toxic degeneration 
of liver, kidnej*, and adrenal glands. 

Dvorak' reported that tthe Berkefeld filtrate of incubated dog liver 
caused rapid death of the experimental animal when injected intra- 
venouslj^ in amoinits equivalent to 4 gm. of incubated liver per kilo- 
gram of the animal’s weight. We have confirmed this observation. 
HoAvever, we also observed that ndien the filtrate is autoclaved and 
then placed iutraperitoneallj’- it was equall}' as toxic as when unauto- 
claA^ed. On the contrary, when the eoagplated proteins were removed 
from the autoclaved Berkefeld filtrate aiid the resulting preparation 
placed either iutraperitoneallj' or iutravenouslj', the animal survived. 
Apparentlj' autoclaving tlie Berkefeld filtrates rendered them less 
toxic. This result could have been due to the coagulation and removal 
of soluble proteins, the destruction of volatile amines, or the destruc- 
tion of heat labile bacterial exotoxins. We reported® that bacteria 
isolated from the liver and muscle of normal dogs produced no demon- 
strable exotoxins. However, more or less specific bacterial endo- 
toxins maj' be important factors contributing to rapid death in liver 
peritonitis. We are investigating these factors further. 

In this pajDer we have demonstrated that bacteria found in normal 
adult dog liver rapidlj' produces toxic amines in the process of incuba- 
tion in vitro. It is possible that the rai)id death of dogs subjected to 
liver peritonitis can be adequatelj' explained bj" shock associated with 
the absorption of pirtrefaetive amines and other split protein products 
produced by bacterial action on the liA'er protein in vivo. 

CONCnUSIONS 

1. The putrefactive pressor bases, tj'ramine, isoamjdamine, plienol- 
ethylamine, and histamine-like substances, are rapidly produced by the 
action of bacteria upon liver substances during the process of incubation. 

2. Whether or not the amines with pressor effects upon the blood 
pressixre predominate over the amines with depressor effects depends 
upon the kind of bacteria present in the digests. 

3. These toxic amines and other heat-stable, water-soluble, toxic 
substances fomnecl in the process of incubation of dog liver were lethal 
when tlie equivalent of 200 to 300 gm. of incubated liver was given 
slowlj' intravenou.sly to an ane.sthetized dog. When injected intra- 
venously into a dog without anesthesia, the equivalent of 100 gm. of 
incubated liver was sufficient to cause rapid death. The terminal 
event is convulsive seizures. 

4. We have .shown that, in addition to other factors, putrefactive 
amines may also contribute to the rapid death of dog.s subjected to 
liver peritonitis. 



CHILE, JR.: BILATERAL ADENOPIBROMAS OF BREAST 


69 


mately sixteen years and indicated a definite advancement of epiphyseal union. 
Tlie basal metabolic rate was minus 4 per cent and the blood cholesterol was 171 
mg. per hundred cubic centimeters of blood. The Wassermann and Kahn tests gave 
negative reactions. Examination of the blood showed 4,300,000 red cells, 6,400 white 
cells, and 78 per cent hemoglobin. Examination of the urine revealed no ab- 
normalities except a faint trace of albumin. The blood sugar was IIS mg. per 
hundred cubic centimeters three hours postprandial. 

A diagnosis of virginal h 3 'pertrophy of the breasts with probable adenofibromatous 
change was made, and bilateral simple mastectomy was advised. In view of the 
child’s age and the size of the breast tumor, it was thought advisable to remove 
the breasts at two separate operations. 

At the first operation, the left breast was removed through a transverse incision 
which surrounded the nipple elliptieally and was carried from the axilla to the 
sternum. The veins overljdng the breast were dilated, but bleeding was easilj* 
controlled. The breast consisted of a single, lobulatcd encapsulated mass of 
firm, adenomatous-appearing tissue which shelled out of the surrounding tissue 
easily bj’ blunt dissection. Inasmuch as there was no palpable enlargement of the 
axillary nodes, the axilla was not disturbed and the muscles were not removed. 
Three days later a similar procedure was carried out on the other side. The 
patient stood both operations very well and was discharged from the hospital on the 
sixth day following the last operation. Both wounds were well healed at this time. 

The pathologist recorded the weight of the tissue removed at 3,630 gm. for the 
left breast, and 2,115 gm. for the right breast. Ex'presscd in pounds the left 
breast weighed just over 8 pounds and the right breast under 4.7 pounds. The total 
weight of the ti-ssuo removed, therefore was nearly 13 pounds, or approximately 
one-tonth the patient’s body weight. On neither gross nor microscopic examination 
could an.v normal breast tissue be identified. 

The microscopic examination siiowcd an cncap.'iulated tumor consisting of well- 
differentiated connective tissue, some Sf which was quite dense and hj-alinizcd and 
some of which was verj' looselj’ arranged and edematous. Inegularlj' distributed 
throughout, there wore small and large duct or glandlike spaces lined bv' cuboidnl or 
low columnar epithelial colls, which liad no s.vsfematic arrangement. A section 
wliicli was exiiected to be nontumorous brea.«t tissue showed looseh' arranged 
fibrofatty tissue, but no epithelial elements. An assaj- for cstrin was made ’of the 
tissues removed, but no estrogenic substance was found in this material.* 


LITERATURE 


C 

MfFarlamV' emphasizes the diflieulty of making a liistologic tlif- 
ferentiation between libro-adenoma of tlie breast and normal breast 
tissue. Of 2H0 cases which were supposed to be benign, fibro-epitbelial 
tumor.s. 147 were, on closer analysis, shown not to be tninors a.s liad 
been reported by llic palliologist, but to be cither normal breast tissue 


nr breast tissue in some normal phase of involution or hyperplasia. 
McFarland's couelnsion shows the close relationship wiiieh exists be 
tween (ibro-epilbelial tumors of the breast and normal breast tissue 
and raises the <,uestion of the inllueuee of the sex hormones on the 
Im-matmn and .levelopmenf of fibro-epithelial tumors 
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LARGE BILATERAL ADENOPIBROMAS OP THE BREAST 

Report op Case in a Girl Thirteen Years of Age 

George Chile, Jr., M.D., Cleveland, Ohio 
(From the Cleveland Clinic) 

ALTHOUGH the literature contains several repoils of enoiTuous 
** adenofibromas of the breast in young giils, this condition is suffi- 
eientU' rare to -warrant tlie report of an additional case in Avhich large 
bilateral adenofibromas of the breast, the larger of the two weighing 
eight pounds, -were present in a girl thirteen years of age. 

report of case 

Tlie patient ivas a girl, thirteen years of age, -whose development had been per- 
feetlj- normal until one year before entry. At that time her breasts began to 
enlarge, but the development appeared to be normal for her age. Eight months 
before entrj-, the breast development had become more marked than the family 
thought was normal, and the breasts continued to enlarge rapidly and painlessly 
and became pendulous and burdensome. There was never any discharge from the 
nipples. 

The patient had not uieiistruated and there was no pubic hair or other evidence 
of secondary sexual characteristics. During the year preceding our examination, 
she had gained four inches in height and thirty-live pounds in weight. TIio family 
history contained no data relevant to the illness. 

Physical e.xaminatiou showed a fairly tall child, the height being sixty-six 
inches and the weiglit 125 pounds. She was slightly pale, but appeared to bo in 
good liealtli. There were some dental caries; the tonsils Iiad been removed; the 
tliyroid gland was not enlarged or tender; the heart and lungs showed no ab- 
normality. Rectal examination of the pelvic organs showed no adne.xal masses and 
tlie uterus, which was infantile, could scarcely be palpated. There was an enormous, 
nodular enlargement of both breasts (Figs. 1 and 2). They were lirm, rounded, 
and pendulous, hanging to a point well below the umbilicus. The nipples were 
flattened out and practically invisible. There were many dilated veins over the 
breasts. Nodular, firm, breast tissue could be palpated well out into the axillae up 
nearly as high as tlie cla-iicles and medially nearly to the sternum. 

In view of these unusual findings and in an effort to determine whctlier there 
was any endocrine basis for tlie abnormality of the breasts, a qualitative prolan assay 
was done by iIcCullagh’s modification of the Friedman test.r Urinary cstrin was 
extracted quantitbtively with benzol by Koch’s method^ and assayed by a modifica- 
tion of Kurzrok’s method, ^ in which variations range from 4.5 to 20 rat units in 
normal adult women. The Friedman test gave negative findings. An assay for 
estrogenic substance in two twenty-four-hour specimens of urine sliowcd 20,4 rat units 
in 1,425 c.c. of urine and 17.0 rat units in 940 c.c. respectively, figures which, by 
the method of assay u.sed, arc within normal limits for adult women. Roentgen 
examination of the epiphy.scs at tlie elbow and Iiip showed a bone age of approxi* 

Received for piibllc.-ition, July 17, 1937, 


68 



CRILE, JR.; BILATERAL ADEKTOFIBROJIAS OP BREAST 


69 


mately sixteen years and indicated a definite advancement of epiphyseal union. 
The basal metabolic rate was minus 4 per cent and the blood cholesterol was 171 
mg. per hundred cubic centimeters of blood. The Wassermann and Kahn tests gave 
negative reactions. Examination of the blood showed 4,300,000 red cells, 0,400 white 
cells, and 78 per cent hemoglobin. Examination of the urine revealed no ab- 
normalities except a faint trace of albumin. The blood sugar was 118 mg. per 
hundred cubic centimeters three hours postprandial. 

A diagnosis of virginal hypertrophy of the breasts with probable adenofibromatous 
change was made, and bilateral simple mastectomy^ was advised. In view of the 
child’s age and the size of the breast tumor, it was thought advisable to remove 
the breasts at two separate operations. 

At the first operation, the left breast was removed through a transverse incision 
which surrounded the nipple elliptieally and was carried from the axilla to the 
sternum. The veins overlying the breast were dilated, but bleeding was easily' 
controlled. The breast consisted of a single, lobulated encapsulated mass of 
firm, adenomatous-appearing tissue which shelled out of the surrounding tissue 
easily by blunt dissection. Inasmuch as there was no palpable enlargement of the 
axillary nodes, the axilla was not disturbed and the muscles were not removed. 
Three days later a similar procedure was carried out on the other side. The 
patient stood both operations very well and was discharged from the hospital on the 
sixth day following the last operation. Both wounds were well healed at this time. 

The pathologist recorded the weight of the tissue removed at 3,650 gm. for the 
loft breast, and 2,115 gm. for the right bi'cast. Expressed in pounds the left 
breast weighed just over S pounds and the right breast under 4.7 pounds. The total 
Weight of the tissue removed, therefore was nearly 13 pounds, or approximately 
one-tenth the patient’s body weight. On neither gross nor microscopic examination 
could any normal breast tissue be identified. 

The inicrosoopie examination showed an cncapsuhited tumor consisting of well- 
differentiated connective tissue, some of which was quite dense and hyalinized and 
some of which was very loosely arranged and edematous. Irregularly' distributed 
throughout, there were small and large duct or glandlike spaces lined by euboidal or 
low columnar epithelial cells, which had no systematic arrangement. A section 
which was e.vpecfed to be nonfumorous breast tissue showed loosely armnged 
fibrofatty tissue, but no epithelial elements. An as.say for ostrin was made 'of the 
tissuc.s removed, but no estrogenic sub.sfancc was found in thi.s material.* 
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JleParlancl'* emphasizes the iliffieiUty of making a histologic dif- 
ferentiation between tibro-adenoma of the breast and normal breast 
tissue. Of 289 cases which were supposed to be benign, fibro-epitlielial 
tumors, 147 were, on closer analysis, shown not to be tumors as had 
been reported by' the pathologist, but to be either normal breast tissue 
er breast tissue in some normal phase of involution or hyperplasia. 
McFarland’s conclusion shows the close relationship whicdi exists be- 
tween fibro-cpithelial tumors of the In-east and normal breast tissue 
and raises the <uiestioii of the influence of the .se.x hormones on the 
torinntion and development of libro-epilhelial tumoivs. 
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Cheatle® states that fibro-adeiiomata of the breast may be either 
localized tumors or that they ma 3 '' take the form of a diffuse fibro- 
adenomatosis affecting the whole breast. He believes there is no dif- 
ference between the localized and diffuse form in eitlier gross or 
microscopic appearance. Since fibro-epithelial tumors of the breast 
so closely resemble normal breast tissue, it is not unreasonable to 
assume that various endocrine disorders which affect normal breast 
tissue could likewise plaj' a part in the formation and development of ' 
fibro-epithelial tumors of the breast. 

Lewis and Geschickter® state that thej^ were able to produce changes 
in the breasts of male monke.vs bj-^ the injection of estrin in amounts 



Fig. 1. — Dilatatiou oC veins shown by Infra-red technique. 


varying from” 2,000 to 5,000 rat units. These changes resulted in a 
condition resembling, but not identical with, gjmeeomastia. The 
length of the ducts was increased, the duets dilated, and there was an 
increase irr the number of epithelial laj'ers. These workers state that 
there is much clinical evidence to support the view that gjmecomastia 
is due to the action of estrin and cpiote tlie case reported bj' Heidrick 
in wliieli gj'necomastia was associated witfi a teratoma of tlie testicle 
which liad resulted in the ju'oduction of 250 units of the female sex 
hormone and 3,500 units of gonadotropic hormone per liter of urine. 
According to Lewis and Gesehickter, a localized re.sponse of the breast 
to endocrine disorders leads to the formation of fibro-adenoma, while 
a general response in one or both breasts causes unilatezml or bilateral 
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Fie. 2. — ^Lateral view sliowing flattening of nipple. 


that their development might he dependent upon ovarian hormones. 
They repoi-t the ease of a large fibro-adenoma in a twelve-year-old 
colored gii-1 who had not yet menstruated." The fibro-adenoma con- 
tained large quantities of estrin, there being 2,500 units per pound 
of tissue. Lewis and Qcsehiekter believe these findings indicate that 
the type of tnmor tissue under discussion has a marked capacity to 
concentrate estrin. 

Altlnxngii the development of large fibro-adenomata of the breast 
ii\ girls or young women is unusual, a uumber of cases similar to the 
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one presented here have been reported. Tnrjier'^ reports two eases of 
multiple, rapidly growing, soft fibro-adenomata of the breast, one in 
a girl fifteen years of age and the other in a girl fourteen' years of 
age. In botli cases the enlargement commenced at or just after 
puberty. In both, the enlargement Avas rapid and exeessiA'e and Avas 
due to the presence of multiple soft fibro-adenomata. In one case the 
tumor AA’as unilateral and in the other bilateral tumors Avere present. 
Unfortunately no histologic examination Avas made in the first ease, 
but in the second ease the histologic reiAort confirmed the clinical and 
gross pathologic diagnosis of fibro-adenomata of the breast. The 
Aveight of the tumors in both breasts in the fourteen-j'ear-old girl Avas 
15% pounds. The left breast AA'as larger and Aveighed 8 pounds im- 
mediately after its remoA'al. It is interesting to note that in this case 
regular menstruation had not been established iDi-ior to the removal of 
the breast tumor. The patient had menstimated once eight months 
before admittance to the hospital and folloAAung this the bi’easts had 
begun to enlarge and she had not menstruated' again. Diming this 
time she had become undernourished and Avasted. It is also interest- 
ing to note that no normal breast tissue could be recognized. In the 
first case, that of the fifteen-yeai’-old girl, the patient had menstru- 
ated for nearly one year. Onlj- one breast Avas involved. Three years 
after the removal of the right breast, a fibro-adenoma developed on 
the left side and it Avas neeessaiy to excise the left breast also. 

Sellers® reports a case of an unusually large fibro-adenoma of the 
breast in a tAvelve-year-old colored girl in Avhom menstruation had not 
begun. Enlargement of the breast Aims first noted about three months 
before entry. The left breast was gi-eatly enlarged and the skin 
tightly stretched. Tlie overlying A'eins AA'ere dilated, bnt tliere Avas no 
fixation of the tumor nor Avere any axillary nodes paljiable. A radical 
mastectomy was pei’foi'nied. The pathologic report Avas fibro-adenomata 
of the breast. The Aveight of tlie tumor Avas not given. Later it Avas 
necessai’y to excise a fibro-adenoma of the right breast as Avell. 

Beatsou^® reports a fibro-adenoma of the right breast in a married 
Avoman fifty years of age. The tumor Aveighed six and one-half pounds 
and had been deA’eloping for OA’er a period of tAvo years. 

Finsterer^^ reported a fibro-adenoma of tlie breast in a single Avoman 
fort.v-five .vears of age. The AA’cight of the breast including the axil- 
larv fat Avas 41/. kg. 

Barton’- de.scribed a large fibro-adenoma of the breast in a colored 
girl seventeen years of age. The Aveight of the specimen AA'as not 
giA'en, bnt tlie breast measured tAveiit3'-seA'eii inches in eircnmference. 

The largest fibro-adenomatous h}-pcrtrophy of the female breast 
which I could find repoi-ted in the literature Avas described by Touraine 
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and Eenault.^^ In tins case tliorc was a massive bilateral hypertrophy 
of the breast with tibro-aclenomatons changes. The iiatieut was thirtj''- 
six year.s of age and the enlargement of the breast had begun six years 
previouslj', immediatelj^ following the removal of the right tube and 
ovary. The total weight of the tissue removed was 9 kg., 150 gm., or 
approximately 19.7 pounds. 


DISCUSSION 

It is clear from this suiwey of the literature that large fibro-adenomas 
of the female brea.st may develop at any age from before puberty to the 
menopause and in married women as well as in unmarried women. 
These tumors are frequentlj’ difScult to differentiate, either clinically 
or by microscopic examination, from the so-called virginal hyper- 
trophy. Although no definite etiologic factors have been demon- 
strated, it is possible that endocrine disturbances plaj”" a part in their 
development. 

The case reported in this paper is unusual as regards the size of the 
tumor and the youth of the patient. 

As McFarland'* has shown, it is often difficult to determine by micro- 
scopic examination whether a section from the breast is breast tissue 
in a normal state of physiologic hyperplasia or involution, or whether 
it is a true fibro-epithelial tumor. The presence or absence of a true 
fibro-epithelial tumor sliould be determined bj- gross examination but, 
in the ease reported here, even the gross examination did not conclu- 
sively prove whether or not the breast changes were the result of 
extreme hypertrophy or were caused by the development of bilateral 
fibro-epithelial tumors. Tlic fact that the masses were well encapsu- 
lated, lobulated, and had flic gross appearance of a tumor is in favor 
of their being true adenofiliromas, but against this hypothesis is the 
fact that no normal breast tissue eould be identified. 


conclusions 


1. A case of enormous bilateral adenofibromatous tumors of the 
breasts occurring before puberty in a girl thirteen years of age is re- 
ported. The weight of the left breast was S pounds and of the right 
4.7 iiounds. 


2 . Assays of the urine showed estrogenic substaiiee in amounts 
e<iuivalent to that foniid in normal adult women. 

a. Assiiys „f the tumor tissue were uegi.tive for estrogenic .subsfanee. 


**"<1 Interpretation, Cteve 

hy Uo»,t.f:rou tl, If,. art ion’, .i 
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STENOSIS OP THE LARGE BOWEL HUE TO AMEBIASIS 

Report op a Case Treated bt Extensive Resection 


Frederick Christopher, B.S., M.D., Evanston, III. 

(From the Northwestern University Medical School and the Evanston Hospital) 

D espite the incidence of amebiasis and the undoubtedly frequent 
oecun'ence of severe damage to the colon, the surgical literature 
contains but few instances of extensive colonic resections in these 
cases. Chatterji^ says that in rare cases of ulceration of the cecum 
it may be necessary to excise the cecum and perform an enteroanas- 
tomosis. Yeomans- reported the ease of another surgeon where the 
transvei’se colon and splenic flexure were resected for amebic granu- 
loma. This patient died two days later. In Huard V careful presenta- 
tion of the surgical aspects of cecocolonic ambeiasis, no reference to 
colonic resection could be found. 

Tile following case report is of interest because of tlie widespread 
damage to the colon and because of the improvement following radical 
excision combined with medical treatment. 


C.^Sf; Rei’oiit. — S. P., aged fifty-four years, male, was admitted to the Evan.«loii 
Hospital on April 2S, 19oj. He had been been under the care of .T. JI. Garner 
for a lobar pneumonia since April 10, 1935. About April 21, tlie patient developed 
epigastric pain wliich soon became loe.alized in the riglit lower quadrant. This was 
accompanied by ga.“eou.s distention and diarrhea. Meanwhile the pneumonia showed 
definite resolution after April 17. The patient appeared quite ill, and the chief 
phy.sical finding wa.s a tender mass in the right lower quadrant about four inchc.s 
in diameter. The temperature was 100° F. ; the pulse, 100; and the rc.'pirations, 
20. The Icncoeytc count was .37,900; the erythroe\-tc count was 5,410,000 and the 
hemoglobin was 102 per cent. The urine, was negative. Three stools, examined on 
.Vpril 29 and 30, were negative for amcba.s, but showed a trace of occult blood. 

On April 30, 1935, the mass in the right lower quadrant was e.xplorcd under the 
impression that it w.a.s an appendiceal ab.°ccs.». A rather largo inflammatory mas.s 
involving the cecum was found nnd an abscess was located above the ileocecal 
valve and on the posterior mesial aspect of the colon. The abscess was dniincd 
after the nvacnation of thick green ill-smclUng pus. The wall of the cecum at this 
yioint seemed to be verj- friable; in fact, partially nwrotie. On Mav 2 19.35. a 
definite fee.-il li.‘.|ida was esttiblished at the abdomiiml wound. Amelm.s were found 
in the di.-^ehiirge from the fecal fi.stnla. The patient had a prolonged and difficult 
< ..nvnlescence featured by a period of i.yre.via, ciiills with attention directed to the 
.best, nnd :,n amebic ulceration of the wound borders requiring excision under gas. 
On May In to 12, large iU-.«melling nivn.lic .ilouglm were passed bv rectum The 
given two eourscs of vioforni (grains III t.i.d.), from' Mav 17 to •’l! 
If-b u l.rocto.scopic examination 

n.e.'lvi'.l for I'lililIraKon, July T, J!i37, 


patient wa.s 
and from .liiiie 
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(C. E. Pc^pe) disclosed a tobulor sWcturc 7.5 cm. from the anus ivith total donuda- 
tjon of tho mucosa. The patient was discharged from the hospital on .Tune 21, 
1930, With a draining fecal fistula hut improved in general health. 

During the summer moutlis, the patient had considerable difficulty with an 
e.vacerbation of the amebia.sis, which was treated by a cour.so of emetine, painful 
e,\coriation of tho wound borders, and arthritis of the left arm and leg. Tho 
patient was readmitted to tho Evanston Hospital on September 12, 1935. There 
was now a complete stenosis of the proximal portion of tho rectum and tho patient 
e.xperionced considerable pain when the largo bowel tilled witli gas. The erythrocyte 
count was 4,440,000 and the hemoglobin was 90 per cent. Tlie urine was negative 
and the stools were negative fot amebas. 

Laparotomy was carried out on September 13, 19.35. At operation (through a 
left rectus incision) the entire ascending colon, transverse colon, splenic tlcx'ure, 
and most of the descending colon was found to be atropliied down to a hard cord 
about M to inch in diameter and was apparently devoid of lumen. Tho sigmoid 
flexure from the upper end of the rectum to a jioiiit half-way up the descending 
colon, a distance of about 10 inches, was normal. Tho terminal ilonm was im- 
planted, end-to-side, into the most proximal portion of the normal sigmoid ile.vurc. 
The most distal portion of this sigmoid tlexmre was then brought out through 
the lower angle of tho u-oimd and the peritoneum and fascia irere sutured beneath 
the loop. Last of all a mushroom catheter ivas placed by purse-string in tho 
exteriorized colostomy loop. Tho jjatient was di.scliargcd from the lio.spital on 
September 27, 1935, in good condition with a wcll-fimctiouiug left inguinal colos- 
tomy and some di.schargo fiom the old cecostomy. 

The x’iitiont was readmitted to tho Eraimfoii Hospital on November 21, 19.35. 
His chief comiilaint wa.s now a .severe arthritis, invohing the hands, feet, elbow.s, 
and shoulders, of some fljrce months’ standing, 'Die erythrocyte count was .5,500,000; 
the hemoglobin, 110 per cent, and the leucocyte count, 10,200. The nriiiu was nega- 
tive and the stools were negative for amebas. X-ray c.xamination after oral ad- 
ministration of b.arium showed that there was not complete occlusion of the colon 
at any point proximal to tho sigmoid. The lumen of tho trnnsvcr.se colon, how- 
ever, was narrowed to about 3,4 of 1 inch in diameter. Tlio cceum .and a portion 
of the ascending colon also were involved in the contracting process. The stricture 
between the sigmoid and rectum would not permit the passage of barium. 

On November 29, 1935, tbc patient was again subjected to laparotomy. The 
transverse colon was found to be narrowed almo.st to a cord. Tliis narroaiiig 
was also jjresont in tlic ascending colon save for a small portion near the licjmtic 
flexure. Tli-e terminal ileum, appendix, cccum, ascending colon, and fraii.svorse 
colon were entirely removed closing tlic upper descending colon .ia.st .ibovc thi 
previously performed ilcocolostomy. The excised specimen .showed chronic ulcers, 
but uo amebas were found in the stained section.'. The J^atient rci:o\cr(d from flii.s 
operation verv' satisfactorily and left the hospital on Pocember 10, 1.I..5. 

After leaving the lio.spital. Garner gave the patient a course of sodium carody- 
late, as well as an autogenous vaccine. The patient gradually impro^ed and tin 
swelling and pain in the joints .subsided, A diet rich in vilnmiiTS mid jiarcnfer.i! 
liver e.xtr.'iets wn.s given. In May, 19.37, the patient weighed 19.5 imiirid.s, a gain 
of 100 pounds from liis lowest weight in the hospital, ’file cecostomy wound had 
healed entirely. JTe is now worlcirig five Iioiir.s a day at home and L able to drive 
his car. Ife walks around the hlncU three iwies n day. lie .still liu' [i.ahi in hi' 
joint.s which diroini.she.s, however, during' the day. The^eolostomy fiimdioMs well. 
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Tlie patient takes a heaping teaspoonful of kaolin four times a day and paregoric 
occasionally. The stools are flnid in the morning but soft in the evening. He 
changes the colostomy dressing four times daily. 


SUMMARY 

A case of ttadespread damage to tlie colon from amebiasis is re- 
ported. The resultant stenoses and structures were successfully treated 
by extensh'e resection of the colon with ileosigmoidostomy plus ex- 
ternal sigmoidostomy. 
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(C. E. Pope) disclosed a tubular stricture 7.5 cm. from the anus ivith tot.-i! denuda- 
loa of the mucosa. The patient -nas discharged from the hospital on June 21, 
19o5, with a draining fecal listnla but improved in general liealth. 

Eurmg the summer months, the patient had considerable difficulty with an 
e.vacerbatioii of the amebiasis, which was treated by a course of emetine, painful 
excoriation of the wound borders, and arthritis of the left arm and leg. Tlio 
patient was readmitted to the Evanston Hospital on September 12, 1935. There 
was now a complete stenosis of the proximal portion of the rectum and the patient 
experienced considerable pain when the large bowel filed with gas. The erythrocyte 
count was 4,440,000 and the hemoglobin was 90 per cent. The urine was negative 
and the stools were negative for amebas. 

Laparotomy was carried out on September 13, 1935. At operation (through a 
left rectus incision) the entire ascending colon, transverse colon, splenic fexure, 
and most of the descending colon was found to be atrophied domi to a hard cord 
about 14 to inch in diameter and was apjiarontly devoid of lumen. The sigmoid 
flexure from the upper end of the rectum to a point half-way up the descending 
colon, a distance of about 10 inches, was normal. The terminal ileum was im- 
planted, end-to-side, into the most proximal portion of the normal sigmoid flexure. 
The most distal portion of this sigmoid flexure was then brought out through 
the lower angle of the wound and the peritoneum and fascia were sutured beneath 
the loop. Last of all a mushroom catheter was placed by purse-string in tlio 
exteriorized colostomy loop. The patient w.as discharged from (lie hospital on 
September 27, 1935, in good condition with a well-functioning loft inguinal colos- 
tomy and some discharge from the old cecosfomy. 

The patient wa.s readmitted to the Evanston Hospital on Xovetaber 21, 1935. 
■His chief complaint was now a .severe arthriti.s, involving the hands, foci, elbows, 
and shoulders, of some three mouths’ standing. The erythrocyte count was 5,590,009; 
the hemoglobin, 110 per cent, .and the leucocyte count, 10,200. The urine was nega- 
tive and the stools were negative for amobas. X-ray examination after oral ad- 
ministration of barium showed that there was not complete occlusion of tiio colon 


at any point proximal to the sigmoid. The lumen of the transverse colon, Jtoa- 
ever, was narrowed to about 14 of 1 inch in diameter. The cecum and a portion 
of the ascending colon also were involved in the contracting process. The sirictaro 
between tlie sigmoid and rectum would not permit the passage of barium. 

On Xoveraber 2.9, 1935, the patient was again .subjected to laparotomy. The 
transverse colon was found to he narrowed .-ilmost to a cord. This narrowing 
was also present in the ascending colon save for a small portion near the hepntir 
fiex-ure. The terminal ileum, appendix, cecum, ascending colon, and fran.nerso 
colon were entirely removed closing the upper descending colon just .iho'o 
previously performed ilcocolostomy. The cxci.'cd specimen sliowcd chronic ” ce > 
but no amebas vvero found in the stained .sections. The patient roco\crc<I from 


operation vciy satisfactorily and left the ho.spital on Pci'cmlior 10, 19 .>j. 

After leaving (ho hospital, Gamer grave the p.alient a coar.-e of .smlimn vacody 
late, ns well .as an .autogenous vaccine. The patient gradually impnned and Ihi 
■swelling ami pain in the joints .subsided. .1 diet rich in vitamins and parinter.il 
liver extracts wa.s given. In Jtay. 3937, the patient weigln-d bs.t jioand.s, a gain 
of ion pounds from his lowest weight in the hospital. I’he eccostomy wound h.id 
iiealod entirely. Ho is now working five hour.< a day at home and is ahlo to drite 
his car. He walks around tlic block flirce limes a dav. He .still has pain in his 


joints which diminishc.*, however, ilnring the day. The eohefomy fnncliniis well. 
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Difficulty in breathing immediately after birth should always suggest 
the possibility of a defect in the diaphragm. This symptom may mod- 
erate after a few days only to reappear in a few weeks or months. Also, 
there ■will usually be difficulty with feeding, and failure to gain weight 
normally. The chief physical signs are small abdomen, displacement of 
the heart, and absence of breath sounds over the affected side. These 
findings should suggest x-ray examination 'swth the barium meal, which 
will definitely establish the diagnosis. 

One of the most troublesome technical difficulties in the surgical re- 
pair of these cases is the closure of large defects. I have been impressed 
with this on the two occasions that I have performed the operation. In 
my first experience, there was a large posterolateral defect on the left 
side, apparently a persistent pleuroperitoneal canal. An attempt to ap- 
proximate the edges of the ring ■was unsuccessful. After placing the 
abdominal viscera outside of the abdomen to allow more complete ex- 
posure of the defect, the renal fascia presented itself as a broad expanse 
of firm tissue which might be utilized as an aid in accomplishing the 
closure. By grasping it with forceps it was possible to displace it for a 
considerable distance cephalad and ventrad and thus attach it to the 
anterior margin of tlie defect without undue tension. Since then it has 
come to my attention that Barrett and Wheaton’ had previously recom- 
mended the use of the renal fascia in the closure of these defects, and 
from personal communications it would appear that others have also 
made use of it. That the closure of large defects is often difficult to ac- 
complish is evident from tlie radical procedures whieli liave been re- 
quired in some instances. In Iavo succe.ssful cases, Bcttman found it 
necessary to fracture the lower rilis and change the convexitj’^ of tlie 
thoracic wall to a concavity in order to effect a closure. Studies Avhich 
have been made of the renal fascia indicate that it may, at times, be of 
inestimable value in this connection and for this reason one who under- 
takes the repair of a large defect should Iioa’c a complete loiOAvledge of 
its possibilities. Tlie mobility and expanse of this tissue is sufficiently 
great to permit closure of large defects even to the degree of complete 
absence of a heinidiaphragm. 


.ANATOMY OF THE RENAL FASCIA 

This fascia is a continuation of the sheath of the psoas ma.ior muscle 
and the arcuate ligament. After leaving the muscle, it extends laterally 
and downward, its anterior layer covering the anterior surface of the 
kidney and adrenal gland. After leaving the kidnev, it continues 
laterally as the fascia of the Irnnsvci-salis muscle. It is somewhat 
thinner over the region of the kidney and adrenal gland than it is over 
the psoas muscle, but it is nevertheless a definite firm laver of fascia 
■■«„sickr.,l.lc tensile sifenglh. ]l is to the 

k,. ney I, intone Iron, Is i., ,|,e e„ps,.Ie, end the kidney 

» ktreely dependent n,»„ i, f,,, 



DIAPHRAGMATIC HERNIA IN INFANTS; SURGICAL TREAT- 
MENT WITH USB OF RENAL FASCIA 

Joseph Weinberg, M.D., Omaha, Neb. 

(From the Department of Surgery, University of Nebraska Cotlege of Medicine) 

T TNTIL very receiiUy, congenital diaphragmatic hei'uia occurring in 
infants was not tliought to be within tiie possibility of surgical re- 
pair. Hume, writing in 1922, reflected tlie attitude of tlie medical pro- 
fession ivhen he stated that repair of congenital diatihragmatie hernia 
was not a feasible proeedui-e, and that the most one could hope to ac- 
complish by surgery would be the release of incarcerated or strangulated 
bowel with no attempt at closure of the defect. Apparently this belief is 
still widespread, notwithstanding recent successes which prove other- 
wise. 

One of the reasons for the slow develo])ment of surgical treatment in 
the earlj' age group is tiie en-oneous impression that infants do not 
tolerate extensive procedures within the abdomen or thorax. As a con- 
sequence, operations have been withheld until tlie infants are in extremis, 
either from intestinal obstruction or from i-espiratorj" embarrassment, 
and attempts at repair hai’e been made under most unfavorable condi- 
tions, with veiy little chance for success. This fault is partly due to the 
failure to appreciate the difference between defects occurring in infant.s 
and those occurring in more mature persons. It is avdII knoAA’n that large 
displacements of intestine into the thorax are occasionally found in in- 
dividuals living to old ago, many of them having no S3'mptoms during 
life, and being discoA-cred only in routine examination. This has led to 
the belief that surgical interference should be resorted to only in the 
presence of severe disturbances of digestion or respiration. This attitude 
may be acceptable for those making themselves evident after the first 
years of life, as the changes in this group Avhich indicate surgery arc 
usually sloAv in their development, and in the early stages of those di.s- 
turbances the child and adult arc better able to Avithstand the surgical 
attack. But the situation is quite different in the infant. When it is 
considered that most eases of congenital diaphragmatic hernia do not 
IIa'c bej'ond the first fcAV months (Keith,* Hedblom,* Latta^), it is ob- 
vious that thei’c must be a different altitude toAA'ard this age group. The 
obstetrician, pediatrician, and surgeon arc faced Avith a situation AA'hich 
requires earlj' recognition and prompt surgical treatment, even in tlie 
first fcAv hours of life. The successful cases reported b}* Johnson* on a 
fortA--tA\'o-]ionr-o]d infant, bA- Coryllos® on a thirteen-daj'-old infant, and 
by Ori''’’ on a tAA'cnty-seven-day-old infant arc evidence that carl.v age 's 
not a barrier to operation- 
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the adrenal gland lies in. close proximity to the posterior aspect of the 
anterior layer, and this relationship must be considered in making use 
of the faseia in the manner to be described later. Further, congenital 
diaphragmatic hernia which has existed for more than a few days results 
in extreme distortion of the normal anatomic relationships. The mesen- 
tery of the uitestine is stretched considerably and the pedicle of the 
spleen becomes greatly elongated. Because of the latter distortion one 



Flu. 2. — S:ime ca?e ns slionn In Fic. 1 aflor im-plncerncnt of the Intestines 


lIUl 


sploon from the thorax, .showing the dofoct In the airtpliramn and tho nv 7 ^..nc-* 
renal faJ^cln. J. Uver : 2, .spleen; 5, .stomach; i, renal fa.**cla : diapljmpm* 


may accidentally ligate the lienal artery in suturing the renal fa.seia 
to the anterior border of the defect unle.ss tlie altered rchtionshipl nvc 
kei)t in mind. 

TKciiNKjui: or oprratjo.v 


The infant i.s phiced in an 
to le.s.son the ]inssiliility of j 


anterolateral po.s-ilion, with (he Jiead down 
isinration of .stomnel, contonf.s during the 
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the fascia is displaced upward, the kidney is elevated with it and by this 
means may be displaced for a relatively great distance, even into the 
thorax. As the anterior layer of renal fascia approaches the diaphragm, 












^'l^;. C. — Clo'ntv of Djo eJof/'ot, ^hovr/nsr th/» Uti^t 

tnkc, pmc. with "To^-ntloT ^■'''"’ 
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course of the operation. A lateral abdominal incision is made along the 
inferior costal margin from the sternum to tlie longitudinal muscles of 
the spine. This ivide exposure allows full visualization of tlie defect in 
the diaphragm which usually lies posterolaterallj'. , As a general rule 
the spleen and most of the gastrointestinal tract are ivitliin tlic thorax. 
These structures are displaced b3'^ introducing a nibber tube of about 



Fig. 3. — Techniciue of surgical repair, showing line of incision along left costal 

margin. 



Fig. -i. — Displacement of intestines from the llioro.'c by Introiluctlon of rubber tub 

through hiatus. 

•% inch in diameter tJirougli tfie aperture, a metliod .suggested b} C- If- 
Jfaj’o.® One is impressed b.v the case with wliich the intestine passes 
from the thora.x into the abdomen witJi this simple maneuver, as com- 
pared witli the ditTicuItj' e.xpericneed in reducing the liominl contents 
without it. The air whicli enters the thora.x through the tube is ap- 
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sure by varying tbe pressure of tire oxygen which is adininistex’ed with 
the anesthetic agent. While cases have been operated on successfully 
without the use of positive pressure anesthesia, it is hazardous to woi’k 
in the open thorax without this precaution. 


POSTOPERATIVE CARE 

The aftercare is directed chiefly toward I’estoi’ing the normal body 
fluids, which have become depleted because of difficulty in feeding, and 
toward maintaining adequate oxygenation. Oxj'^gen inhalation with 
carbon dioxide or carbon dioxide alone may be needed in the first few 
days after operation. Water is usually tolerated by mouth within a 
few hours. The feedings are increased to normal without long delay as 
stanntion is one of the serious features of the disturbance which must 
be combated early. 

COMMENT 


The operation should be performed at an ideal time if possible, and 
one should not wait for s 3 miptoms of obstruction or pneumonitis before 
advising surgical treatment. As stated before, many cases have been 
operated upon while the infants were in a poor state of nutrition and 
suffering from toxic disturbances. It is reasonable to assume that the 
high mortality which has attended the operation up to the present time 
is due in part to performance of the operation at an unfavorable time. 

I have operated on two patients bj- the method described here. The 
first, an infant aged five months, was operated upon in February, 1935. 
In this case there was a large posterolateral defect in the left hemidia- 
jiliragm, apparently a persistent pleuroperitoneal canal. Sj'mptoms of 
dj-spnea and difficult}' in feeding had been noticed since birtii, but the 
infant had gained weight until three weeks prior to admission to the 
University Hospital. At that time he appeared to have a slight cold 
and tliere was marked effort in breathing. During tlie following weeks 
his weight drojiped from thirteen pounds eight ounces to twelve pomids 
five ounces, li.xainination showed the heart displaced to the riglit and 


breath .sounds absent over the left hemitliorax. This suggested the po.s- 
sibility of a diapliragmatie hernia, and the diagnosis was established by 
means of x-ray after barium meal. Operation was performed accordiim 
to the procedure described above, and the patient made an unevetUful 


po.stojjcrative eonvale.seenee with the exeei)lion of a siiarp rise in tem- 
])eratnre twenty-four houi-s after operation. Tliis infant has developed 
into a normal healtliy youngster and shows no signs of any di.sorder A 
reeent x-ray examination shows return of the .structures’ in llie tliorax 
to ti,e normal position and a normal arrangement of the viscera in I'he 


Tl.e second ease operatial on I,y this Jechniqne wa.s that of n bah 
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pareutly all tlial is needed to overcome the negative pressure induced 
respiration, the force Avhicli has caused the suction of the intestines 
into the tiiorax. 

After tlie abdominal viscera are dislodged from the thorax, positive 
pressure anesthesia is started, because the aperture which was more or 
Jess closed by the heiniated viscera up to this time is now widelj^ open 
and the already embarrassed lungs and heart may be unable to witli- 
stand the sudden increase in atmospheric pressure. The abdominal 
viscera are now placed in gauze soaked in warm normal saline solution, 
thus leaving the abdominal cavity empty to facilitate inspection and 
repair of the defect. Small forceps whieJr will give a minimum of 
trauma are spaced at intervals of about % inch along the anterior border 
of the hernial ring in order that the.v nmy serve as retractors and also 
aid in approximating the edges of the defect. The bi-oad expense of 
renal fascia which now lies completely exiDosed is grasped witli forceps 
and raised upward to meet the anterior border of the hernial ring. In 
the case of relativelj^ small defects it will not be necessaiy to use the 
I’enal fascia. If, however, the defects are extremely large, up to com- 
plete absence of tlie hemidiaphragm, it will he necessary to grasp tlio 
renal fascia more caudally and raise it eephalad to meet the thickened 
anterior margin of the diaphragm which may be its only remnant. In- 
terrupted mattress sutures of No. 9 silk are placed sufficiently close to- 
gether to assure comiilete approximation of the edges along the line of 
closure. Fine silk is preferred for several I'easons. It is less iirifating; 
it maj’' be used in much finer size than catgut ; and it is more durable and 
thus is more fitted to withstand the tension of the contracted diaphragm. 
After the sutures are tied, the intestines are returned to the abdomen, 
placing them as nearly as ijossible in their norjual relationship without 
more than neeessaiy manipulation and without consuming too much 
time. After suturing the fascial layers of the abdominal wall with inter- 
rupted 0 chromic catgut, the skin is approximated. Before the infant 
leaves the operating room, air is withdi-awn from the pleural cavity I)y 
means of an aspirating needle and .syringe. This aids the expansion of 
the lung by reducing the intrapleural pressure. 


anesthesia 

The anesthesia should be administered by one who understands the 
disturl)anccs occurring with tlie open tliorax. Because of tlie already 
embarrassed re.spiration, the sudden inrush of air with the opening of 
the abdomen or thorax is c.specially liable to cau.se failure of re.spiration 
and one must be prepared to u.se positive pressure anesthesia whenever 
this danger llireatens. Preliminaiy local ane.sthesia followed by the 
maintenance of a mild degree of ether and nitrous oxide general anes- 
thesia is a .satisfactory method v’hen n.scd vifh the robreatliing bag and 
positive prc.s.s-uro. It Is not ncce-s.sar>- to use an elaborate apparatus. .A 
ti'dtt fitting face ma.slc jiermifs regulation of the iittra]>uhnonnry jires- 



THE EFFECT OP ANESTHESIA ON HEPATIC FUNCTION 
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P RIOR to the introduction of methods for determining the status of 
liver function, the clinician had observed that in the use of certain 
anesthetics liver damage was to be expected in varying degrees. In 
1850, four years after the introduction of chloroform, Casper^ published 
reports of cases of death resulting several days after the use of this 
anesthetic. His observations were later confirmed by others, and during 
the period from 1850 to 1900 the pathology produced in the liver by 
anesthetics was thoroughly studied.^ 

Clinical observation, various functional tests, and experimental in- 
vestigation have demonstrated that certain anesthetics are injurious to 
the system. A depressed kidney function and a depressed liver func- 
tion may result from an anesthetic, but this is only an expression of a 
generalized depression of the cell activity of the organism. The fall in 
body tcmperatiire, which is so well illusHated in the temperature charts 
of patients following anesthesia, is the reflection of a generalized effect 
on the body. Oliguria or anuria, depending upon the depth and length 
of narcosis, is an occasional obseiwation in the surgery ward following 
the administration of chloroform, ether, and avertin. Following chole- 
dochotomy wth drainage externally, the surgeon does not become 
alarmed if the quantity of bile flow is praclicallj’ nil the first 24 to 48 
hours, iilann^ in 1925 observed the effect of ether on hepatic activity, 
stating that it resulted in a hyperglycemia dependent wholly upon the 
liver and that it depressed tlie secretion of bile. Barbour and Boume'' 
have shown that ether and chlorofoim always cause a mailced blood con- 
centration. A true acidosis'’ which varies in degrees of intensity is pro- 
duced by avertin and by the inhalation anesthetics. The pcrcenlago of 
hemoglobin is decreased and there is a .slight degree of hemolysis, 
('hlorofonn increases tlie coagulation time of the blood, and nitrous 


oxide, ether, and ethylene decrease the time of coagulation. The central 
nervous sy.stem manifests efi'ccts produced by an anesthetic, varvi?)”- 
from the s\d)jcctive symptoms of inability to think and impairment of 
memory to that of death resulting from nitrous oxide. From tlicse 
various effects of ane.slhesia. it can readily be .seen tlinf the liver does 
not by any means bear the brunt of ll,e damage produced 

Iv. a n.r cnM(,-,|i.,n, j,,. 
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four months of life she was considered to be a case of malnutrition witli- 
out lmo^^^l cause. Also, a diagnosis of dexti’ocardia had been made. 
At the fifth month x-i'ay examination was made with barium meal be- 
cause of the possibilit}" of diaphragmatic liernia, and this revealed the 
presence of tiie stomacli and intestines witliin tiie left hemithorax. Be- 
cause of progressive loss of weight and dj’^spnea on exertion to a point of 
dangei’, opei’ation was decided upon. Several days before operation she 
iiad had an attack of what appeared to be temporaiy obstruction of tlie 
intestine, and for this reason operation was considered all the more 
imperative. At operation it was found that the left heniidiaphragm was 
almost' entirely absent, being represented by a ring of muscle and fascia 
at the normal site of its attaelmient, and by a large thin sac extending 
to the apex of the left hemithorax. Making use of the renal fascia for 
the posterior border, and the margin of the rudimentary muscle of the 
diaphragm for the anterior border, the defect was closed bj" interrupted 
sutures. In doing so the size of the abdominal earity was reduced to 
such a degree that it w'as difficult to return the intestines to the abdo- 
men. However, this was accomplished after some effort and the inci- 
sion in the abdominal waU was closed. The infant appeared to be in 
good condition immediately after completion of the operation, but in a 
short time the respirations became very rapid and the temperature rose 
to 107°, and the infant died about two hours later. An autopsy was 
not permitted. A complicating factor was present which maj’’ have 
played a part in this death. The operation was performed during a 
period of extremely high atmospheric temperature, 110° F. on the day 
of operation. Because of the poor condition of the infant it was not 
thought advisable to further delay the operation. 

SUMMiUlY 

Jlost cases of congenital diaphragmatic hernia shmving disturbancc.s 
in infancy do not live beyond the first year of life. For tliis reason, 
there must be early recognition and prompt surgical intervention, even 
in the first few hours, if successful treatment is to be accomplished. 

A difficulty which is often encountered in the surgical repair is the 
closure of very large defects in tlie diapliragin. This may be overcome 
by making use of the renal fascia which is ideally suited for this pur- 
po.se. A technique which involves the use of this fascia is described licic. 
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Would then be apparent that the liver was damaged. This assumption 
cannot he made, and experimental evidence attests the fact that in order 
for the blood to show a hyperbilirubinemia, indicating impairment of 
the function of the liver, a moderately advanced and generalized pa- 
renchymal damage must be present. The test was used accepting 1.0 
mg. to 3.0 mg. per liter as a normal range of bilirubin values. 

The bromsulphalein dye test has proved its merit as a test of liver 
function, although the same objection may be raised as in the use of 
blood bilirubin determinations ; that is, the liver damage must be exten- 
sive before a retention of the dye %vill occur. This did not contraindicate 
its use in the series of cases in this study where the test was carried out 
on the day before operation establishing an estimate of the hepatic func- 
tion. The dye test was carried out on the first postoperative day and 
then every other day until the retention was the same or less than the 
preoperative level. Thus, all patients were followed over an extended 
period of time and it was possible to gain an insight into the liver damage 
produced. Soffer’’ stated : “In any particular case that is followed over 
an extended period of time with an individual test, the results will in- 
dicate whether the hepatic lesion is becoming more extensive or is re- 
gressing, ’ ’ Five milligrams of the dye per kilogram of body weight were 
used throughout the series of tests and the blood specimens were col- 
lected 30 minutes after the dye administration. A dye retention of 10 
per cent or less was considered to lie within normal limits ; however, if 
a preoperative retention of dye was 5 per cent and the first postoperative 
day retention was 10 per cent, the liver was considered to have been 
damaged. 

In a selection of the cases for this study an attempt was made to avoid 
those in which suspected hepatic damage existed; however, in a few 
instances patients were selected who were considered to have had liver 
damage preoperatively. Excluding Case 13 (long-standing chronic 
cholecystitis with cholelithiasis)*- and Cases IG, 17, and 79 (3 patients 
with pulmonary tuberculosis),*’ the remaining eases of 100 were con- 
sidered to have had a normal hepatic function. No attempt was made 
to exclude cases with acute infections, such as appendicitis, pj'ogenic 
absce.ss. and o.steomyclitis, for liver damage could not be assumed to be 
present, 'iVith the few exceptions, the patients wore not selected, and 
tile ob.scrvations were made on the patients as they were admitted to the 
surgical scr\-ice. 


In reviewing the literature regarding the ofl'octs of ane.stlicsia on liver 
funo.tuin, it was learned that most of the experimental efforts bad been 
carried out in animals; however, fhe.se results have been accurate and 
condusu-e m guulmv us in a selection of a suitable ane.sfhetic for a mven 
pa , cut. In 1909. IVhippIc and Spony** observed tl a tvo hourrof 
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vention damage the liver? If so, the damage produced occurs simul- 
taneously Avith the damage produced by the anesthetic, and this factor 
cannot be eliminated. Second, docs the measurement of one function of 
the liver give a true conception of the damage produced by an anes- 
thetic? The functions of the Ihmr ai’e so numerous that one test cannot 
pretend to portraj"^ the true status of liver function ; however, numerous 
tests z’elating to specific functions, if properly correlated, wiU give a fair 
estimate of the efficiency of the liver. In determining the damage pro- 
duced by anesthetics, however, all these tests would not be used, for as 
Soffer” has stated; “In testing multiple functions of the liver one posi- 
tive test is as significant an index of the presence of hepatic damage 
as would be the case if all the tests Avere abnormal. ’ ’ Third, if one finds 
himself in a dilemma regarding Avhich of the Amrious liver functions to 
measure, he is as equally confused as to AA'hich of the numerous tests to 
select in determining this specific function. 

In 1925, Greene, Walters, Snell, UoAA'ntree, and McVicar® revieAved 
the various tests of hepatic function and Avere of the opinion that the 
most practical tests Avore the icterus index, the A’an den Bcrgli, and the 
bromsulphalein dye test. In 1928, Piersol and Eotham'® considered 
bromsulphalein to be the most satisfactory dye test. In 1932, Eobertson, 
SAAmhn, and Konzelmann^^ in a study of the various liver fimction tests 
concluded that the bromsulphalein dye test was the most sensitive test. 
Takane® in 1932, Avorking with experimentally produced liver damage, 
found the bilirubin excretory test (bilirubin injected intraA'enousl}') 
superior to the Congo red excretorj' test in determining hepatic function. 
Teneff^ in 1935 carried out a group of tests on each of a series of pa- 
tients, and in his experience offered the folloAving tests as the most de- 
sirable : glycemic curve after the oral administration of glucose, bengal 
red dye test, blood bilirubin, and daily urobilin excretion. Soffer' in 
1935 discussed thoroughly the particular value and indications for each 
test and offered comparative data indicating that the bilirubin excretory 
test Avas the most sensitive of the commonly used tests in determining the 
excretory function of the liA'cr. The bromsulphalein dye excretory test 
was the second most sensitive. At the present time, it is apparent that 
the van den Bergh test, icterus index, and galactose tolerance test are 
selected for the jaiuidiced patients by the majority of clinicians, while 
the bilii’ubin and bromsulphalein dye excretoiy tests are selected or 
the nonjaundiced patients AA'ith probable hepatic damage. 

Tlu-oughout the series of 100 cases to be presented, the bromsulphalein 
excretorj' dj'e test Avas Aiscd, and in the first IS cases blood bilirubin 
determinations were obtained at the same time the dye tests ^yerc per- 
formed. If it could be n.ssnmed that no increase in hemolysis of red 
blood cells fako.s place durinfr an operation under ancstlicsia, and an 
abnormal amount of bilirubin appear in tbo blood postopcrativoly, it 
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would then be apparent that the liver was damaged. This assumption 
cannot be made, and experimental evidenee attests the faet that in order 
for the blood to show a hyperbilirubinemia, indicating impairment of 
the function of the liver, a moderatelj’' advanced and generalized pa- 
renchymal damage must be present. The test was used accepting 1.0 
mg. to 3.0 mg. per liter as a normal range of bilirubin values. 

The bromsulphalein dye test has proved its merit as a test of liver 
function, although the same objection may be raised as in the use of 
blood bilirubin determinations ; that is, the liver damage must be exten- 
sive before a retention of the d 3 "e ivill occur. This did not contraindicate 
its use in the series of cases in this study where the test was carried out 
on the day before operation establishing an estimate of the hepatic func- 
tion. The dye test was carried out on the first postoperative day and 
then every other day until the retention -was the same or less than the 
preoperative level. Tlius, aU patients were followed over an extended 
period of time and it was possible to gain an insight into the Liver damage 
produced. Soffer® stated : “In any particular case that is followed over 
an extended period of time with an individual test, the results will in- 
dicate whether the hepatic lesion is becoming more extensive or is re- 
gi’essing.” Five milbgrams of the djm per kilogram of body weight were 
used throughout the series of tests and the blood specimens were col- 
lected 30 minutes after the dye administration. A dye retention of 10 
per cent or less was considered to lie within normal limits ; however, if 
a preoperative retention of dye was 5 per cent and the first postoperative 
day retention was 10 per cent, tlie liver was considered to have been 
damaged. 

In a selection of the cases for this studj’^ an attempt was made to avoid 
those in which suspected hepatic damage existed; liowever, in a few 
instances patients were selected who were considered to have had liver 
damage preoperatively. Excluding Case 13 (long-standing chronic 
eliolccystitis with cliolelitliiasis)’- and Cases 16, 17, and 79 (3 patients 
with pulmonary tuberculosis),'^ the remaining cases of 100 were con- 
sidered to have had a normal hepatic function. No attempt was made 
to exclude cases with acute infections, such ns appendicitis, pj'ogenic 
absce.ss, and osteomyelitis, for liver damage could not be assumed to be 
present. With the few oxceplions, the patients were not selected, and 
the observations were made on the patients ns tliey were admitted to the 
surgical service. 


In reviewing the literature regarding the effects of anesthesia on liver 
function, n was learned tl.nt mo.st of the e.xperimental efforts had been 
carrmd out in anhnals; however, these results have been accurate and 
eonelus.vc n. guubng us in a .selection of a .suitable anesthefie W n / 
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to tliiee weeks for recovery. In 1922, LaRoeqiie'*' in a cli 2 iical study of 
the effect of anesthesia on licpatie function arrived at the following con- 
clusions: (1) chlorofoiTO alwa3^s pi’oduces liver damage ; (2) ether pro- 
duces liver damage which maj’’ be as severe and prolonged as witli chloro- 
form, but which differs in that the damage with ether is not as constant 
as vdth clilorof orin ; (3) nitrons oxide is the onlj’’ anesthetic which does 
not injure the hepatic cells; and (4) nitrous oxide and ether combined 
reduce considerably the chance of liver damage as compared to ether 
alone. Sanford, Jlosenthal and Bourne’’’’ in 192S confirmed the woi'k 
of Whipple and Sperr 3 ' and considered chlorofoi'm anesthesia to be 
S 3 Tion 3 unous with chloroforju poisoning. One-half hour of chlorofoi'm 
anesthesia resulted in a h3’perbilirubinemia for three da 3 ’s and an ab- 
normal retention of bromsulphalein d 3 m for eight da 3 's. Two hours of 
cMoroforni anesthesia resulted in a h3’;iierbilirubinemia for eight days 
and an abnormal dye retention for six weeks. These authors were un- 
able to find definite liver pathology' after using ether; however, there 
was a transient Z’etention of bromsulphalein dye, the degree of hepatic 
damage paralleling the duration of ether anesthesia. In using nitrous 
oxide and ethydene zvitli the exclusion of cymnosis, there was no evidence 
of hepatic damage. With nitrous oxide and ethylene in a closed cham- 
ber with poor oxygenation, there was both an immediate and a prolonged 
abnormal dye retention. Sanfoi’d and othei’s concluded that “cyanosis 
in itself increased the toxicity' of an anesthetic on the liver.” In 1931, 
Bourne, Bruger, and Drey'er” studied the action of avertin on man and 
dogs. They came to the conclusion that avertin compared favorably' with 
the inhalation anesthetics relative to its effect on hepatic function. In 
the human cases there was no abnormal retention of bromsulphalem dye 
twenty-four hours after avertin anesthesia. In using ether, hepatic 
function was found to be slightly depressed for twenty-four hours with 
a return to normal in forty'-eight hours. In 1931, Bourne and Raginskj 
showed that repeated administration of avertin to dogs produced only 
minimal hepatic damage. In dogs with liver damage previously pro- 
duced by chloroform, avertin was found to produce a 5 to 30 per cent 
additional damage. This additional damage disappeared in from twenty- 
four to forty-eight hours and in no manner affected the total recovery 
period from chloroform. Takane* in 1932, experimenting witli rabbits, 
show'ed that chloroform produced marked hepatic damage ; avertin pro- 
duced definite liver damage for two day's ; and nitrous oxide, o.xy ^cn, 
and ether combined were harmless rvith only' a transient retention. 

Of the 100 cases receiving an anesthetic for surgery', 49 rcceiAcd 
nitrous oxide, oxj'gcn, and ether vapor; 27 received nitrous o.xide and 
oxygen; 13, avertin; 8, intraspinal procaine and pantocaine with oc- 
casional supplementai’y nitrous oxide; 2, local infiltration with pro- 
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Caine; and 1, open ether. No attempt was made to include an equal 
number of patients under each tjqie of anesthesia used; however, these 
six different anesthetics comprise the types used either individually or 
in combination as a balanced anesthesia. 

Blood hiliruhin determinations were carried out preoperatively and 
postoperatively on the first 18 cases along with the bromsulphalein dye 
retention test. There was an abnormal bilirubinemia in several in- 
stances, but the dye test was so much more sensitive that it was not con- 
sidered worth while to continue with the blood bilirubin determinations. 

Fifty-one per cent of all the patients receiving nitrous oxide, oxygen, 
and ether vapor showed impaired liver function the first postoperative 

TABIiE I 


The Effect of Anesthesia on Luma Function. One Hundred Surgicai. Cases 
Studied — Generau Consideration 


TYPE OF 
ANESTHESIA 

TOTAL 

NUMBER 

OF 

CASES 

NUMBER 

AND 

PER CENT 
SHOWING 
DYE re- 
tention! 

AVERAGE DURA- 
TION* OF 

anesthesia 

n 

AVERAGE 

AGE 

WITH 
DYE RE- 
TENTION 

AVERAGE 

AGE 

WITHOUT 
DYE RE- 
TENTION 

NjO and 0, 

49 


Longest, 210 min. 

Oldest 72 

39.1 yr. 

27.3 yr. 

and etlier 



122 min. 

33.2 yr. 



vapor 



Shortest, 40 min. 

: Youngest 12 



NjO and Oj 

27 

9 

Longest, ISO min. 

Oldest 75 

52.2 yr. 

33.9 yr. 



33 

SO min. 

40 yr. 






Sliorto.st, 30 min. 

Youngest 16 



Avertin | 

1.’, 

10 

Longest, 210 min. 

Oldest 58 

39.0 yr. 

19.0 yr. 



77% 

137 min. 

34 yr. 






.Shortest, 60 min. 

Youngest 15 



Spinal 

S 

4 

Longe.st, 150 min. 

Oldest 67 

42.0 vr. 

54.0 yr. 



50% 

99 mm. 

48 yr. 






Sliortest, 40 inin. 

Youngest 20 



r.ncal (pro- 

2 

0 

Longe.-it, 40 min. 

Oldest .34' 

0 

29.5 yr. 

eainc) 



40 min. 

29.5 vr. 






Sliortest, 40 rain. 

Youngest 25 



Open 

1 

]100%: 

90 min. 

30 \T. 

36.0 vr. 

0 

(etlier) 








•This Ih tlic time expressed in minutes with respect to operating time and does 
not include the time of postoperative narcosis or time during whicli the anesthetic 
is exerting its inHucnco after operation. 


titi using the exprcFslon Dyo Retention, It is used synonymously with Uver damage. 


day with a rapid decline in the percentage showing liver damage at the 
end of forty-eight hours; howc%'cr, on the third postoperative day 18 
per cent showed a persistent abnormal retention of the dye. Bv tlie 
thirteenth postoperative day the hepatic function in all the case.s had 
returned to the preoperalivc level. Thirty-three and threo-tentlis iter 
<‘ent of the. patients reeeiving nitrous oxide and oxygen showed hepatic 
damag,- on the fir.st postojK-rative day with a gradual return to 11, e nre 
oi.erat,vo level oi dye retention by the olevenlh po.stoperativc i,v 
Seventy-seven per cent of tl,e patients receivimr averlin showed eW 7 
of liver .iamage on the li.Nt J.nslope, -alive d-,v wifi, . , r f ^ 

tvtnvn to the ].veope,-ativc evel of I u ^ prolonged • 

1 1 u.u.^c im.l ot hei,a1,e tunetion in the majoritv of 










92 


SUBGEBY 


cases; JiDwever, by the tJiirtcejith day after operation the liver had 
entirely recuperated from tiic damage. Fifty per cent of the patients 
receiving spinal anesthesia revealed evddenee of liver damage on tlie first 
postoperative day with a rapid recovery irom the liver damage by the 
seventh day. There was no abnormal retention of the dye above tlie pre- 
opei’ative level in the two cases receiving local anesthesia. In the single 
case receiving open ether, liver damage resulted with recovery by the 
fifth postoperative day (Tables I and II). 


Table II 

The Effect of Anesthesia on Hepatic Punction Relatwe to the Nojibek of 
Days EEQuir.ED fob the Liver to Becuperate Ekoji the Damage Produced 


TYPE OF 

NUilBER 

OP 

NUMBER AND PER CENT OF PATESNTS SHOWING DYE RETEN- 
TION ON VARIOUS P.O. DAYS FOLLOWING ANESTHESIA 


CASES 

I 

HI 

V 

VII 

IS 

XI 

1 XIII 

N.O and 0. and 

49 

25 

9 

5 

2 ■ 

2 

2 

0 

ether vapor 

NjO and 0. 

27 

51% 

0 

1S% 

5 

m 

4% 

1 

4% 

• 1 

4% 

0 

0 

Avertin 

13 


1S% 

5 

11% 

3 

4% 

2 

4% 

1 

1 

0 

Spinal 

8 

77% 

4 

39% 

3 





0 

Ether (open) 

1 


37% 

1 



H 

H 

' 0 

Local 

2 





m 

m 

0 


The duration of anesthesia plays a significant r61e in the hepatic dam- 
age produced by an anesthetic (Table III). If the duration of anes- 
thesia does not exceed an hour, only a small pereentage of the cases re- 
veal evidence of hepatic damage. This is weU illustrated in the eases 
receiving nitrous oxide, oxygen, and ether vapor, and in the eases re- 
ceiving nitrous oxide and oxygen, for in these two groups the majority 
of the cases fad. 

Age is an important factor in determining the effect that an anesthetic 
will have upon hepatic function, while sex does not appear to be a factor 
(Tables I and IV) . The average age of patients showing hepatic damage 
-^vith nitrous oxide and ether vapor anesthesia was twelve years more 
than the average age of those patients who did not reveal evidence of 
liver damage. The eases receiving nitrous oxide and oxygen differed as 
to the average age by twenty jmars. In using avertin the average ages 
differed by twenty years. In the cases receiving spinal anesthesia, the 
average age with abnormal retention of the dye was less than the aver 
age age without retention of the dye. 

As preAUousIy mentioned, 4 cases ■were selected because it was con- 
sidered that hepatic damage existed. In addition to these cases there 
were 20 other cases revoalin" unsuspected liver impairment prior to 
operation. It was an interesting side issue to determine how these livers 
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behaved (Table V). Additional liver damage was produced in 8 of the 
9 cases receiving nitrous oxide, oxygen, and ether vapor inhalation 
anesthesia, and in all the cases receiving avertin. The majority of the 
cases receiving nitrous oxide and oxygen resulted in further impairment 
of liver function. This group compared favorably with the general 
group (Table I) as to age and more than favorably as to the duration of 
anesthesia. The cases showing preoperative impaired hepatic function 
recuperated from the additional liver damage produced by the anesthesia 
in an even and gradual decline to return to the preoperative level of 
abnormal dye retention by the eleventh postoperative day. 

Tabm V 

The Effect op Anesthesia on Hepatic Function With Evidence of Impaired 
Hepatic Function Prior to the Administration of Anesthesia: Eelative to 
Age, Duration op Anesthesia, and Days Eequired for Liver Function 
to Eeturn to Its Preoperative Status 


TYPE OP 

anesthesia 

NUMBER 
OF CASES 
■mTH 
LIVER 
DAilAGE 
PRIOR TO 

AVERAGE 
DURA- 
TION OF 
AN- 
ESTHESIA 

AVERAGE 

AGE 

number and per cent OP PATIENTS 
SHOWING Dim RETENTION ABOTO PRE- 
OPERATIVE LEVEL ON VARIOUS POST- 
OPERATH’E DAYS 

L_ 


AN- 

ESTHESIA 



I 

HI 

i 

VII 

1 

, IS 

XI 

XIII 

NjO and 0. and 

9 

110 min. 

47.2 

yr. 

8 

6 

4 

1 

1 

0 

0 

other V 

NjO and 0, 

11 

90 min. 

48.0 

yr- 

89% 

6 

67% 

3 

44% 

2 

11% 

0 

11% 

0 

0 

0 

Avertin 

2 

125 min. 

30.5 

yr. 

55% 

2 

|27% 

1 

18% 

0 

0 

0 

0 

0 

Spinal 

0 

0 

0 

100% 

0 

50% 

0 

0 

0 

0 

0 

0 

Local 

2 

40 min. 

29.5 

JT. 

0 

0 

0 

0 

0 

0 

0 

Lther (open) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


In carrying out the postoperative dye tests, it soon became obvious 
that the majority of tliose patients who were enjoying a smooth and 
uneventful convalescence seldom revealed evidence of impaired liver 
funetion. On the contrary, if the patient was having marked nausea and 
vomiting, fever, generally knocked out and below par, his ehances of 
showing an abnormal retention of dye could usually be predicted (Table 
VI). In 51 patients without abnormal dye retention postoperatively 
and who had a smooth and uneventful convalc.secnee, 90 per cent were 


Taki.p. VI 

Er.i.ATios.'mip of ])yi; EinT.NTioN to PosTopEiuvnvi; Course 


POSToPF.RATIVF. cases with IiYl; lOrri'-NTlON 


•1!» I-ATIE.NT.S 


SYMIHOMS 


IlIlOHEI: lOUEN- 
SO jTPlN AI-TER IST 
.SYMITVMS I roSTOPIXATIVi; 

DAY 




di:vf,i.opi;d 

INFEITIO-V 


or lOOf- 


|roRTOPfn;ATivT. casrs without dye 
retention 


ill P.ITIENTS 


•SY.MPTOJtS 


|ij. or 


•XO i DEVELOPED 
^SY.MIUOMS I INEECTIO.V 

l-h;, or .01)0^ jl 


. or roj 
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classified as being sjTnptoin fi’ee. In tlie 49 cases which showed impaired 
hepatic function by the anesthesia, 55 per cent were classified as having 
symptoms. No attempt will be made to explain whether the symptoms 
result from impaired function or vice versa ; however, 5 of the cases with 
symptoms and abnormal dj^ retention revealed higher retention of the 
dye after the first postoperative day. This rise in dye retention, after 
the first postoperative day, is not in keeping ■with liver damage pi’oduced 
by anesthetics, and in these 5 cases at least, the increased damage must 
be attributed to the complications. One case had paraljdic ileus, one a 
wound infection with a question of meningitis; one had marked ab- 
dominal distention with delirium, one had a severe wound infection, and 
the fifth case -was generally below par without any definite cause for 
further liver damage after the first postoperative day. 

This brings up the role of infeetion commonly encountered in surgical 
cases and the relation of infeetion to impairment of hepatie function, e.x- 
clusive of diseases of the liver and biliary tract. Brochner and Morten- 
sen^“ studied 50 cases with acute febrile diseases in 1934 and 13 cases 
showed abnormal retention of bilirubin in using the bilirubin excretory 
test. This test revealed marked impairment of liver function in chronic 
sepsis. In 4 cases of pneumonia, 1 of encephalitis, and 1 of tuberculous 
meningitis, hepatic damage wms found to be present. Patients rvith 
active pulmonary tuberculosis^® have been proved to have an associated 
liver damage. In this series of 100 cases the total number with demon- 
strable preoperative infeetion ■was 13. Of the 13, 5, or 39 per cent, re- 
vealed the presence of preoperative impaired hepatic function. Eighty- 
seven revealed no apparent infection, and of this group 19, or 21 per 
cent, had preoperative liver damage (Tables VI and VII). In the 49 
patients with postoperative hepatie damage, 5, or 10 per cent, had ac- 
companjdng infection. Tlu-ee had Avound infection, 1 a pneumonitis, 
and 1 an upper respiratory infeetion. In the 51 cases without liver 
damage, postoperatively, 1 had a Avoxmd infection, and the liver func- 
tion remained normal as determined by the dye test. The cases xvithout 
evidence of impaired liver function on the first postoperative day were 
not folloAved further, and this no doubt explains the greater frequency 
of infection in the cases Avith abnormal dye retention in that the latter 
cases Avere folloAA'ed OA'er a long period of time. 

COMMENT 

A series of 100 surgical eases aa^s studied relative to the effect of 
anesthesia on hepatic function. The suspected cases of hepatic damage 
Avere excluded Avdth the exception of 4 cases ; hoAVCver, 20 additional cases 
of unsuspected liA'cr damage were found to be present in the preopera- 
tiA'e series. The bronisulphaJein dye cxcretoiy test AA-as used throughout, 
accepting 10 per cent or less as a normal retention. Five milligrams of 
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tiie dyo per kilogram of body weight were given the patient and a 
sample of blood was taken 30 minutes after injecting tlie dye intraveii- 
ouslj’’. TJie test was carried out on the day preceding operation and on 
the fii'st postoperative da 3 ^ If there was an abnonnal dye retention the 
first postoperative day, tlie test was repeated eveiy other day until the 
dye retention was within normal limits or had returned to tlie level of 
preoperative retention. 

Avertin produces hepatic damage in a higher percentage of cases and 
to a greater degree tlian nitrous oxide, oxj'gen, and ether vapor anes- 
thesia; nitrous oxide and oxj'gen; spinal; local; and open ether. The 
liver is slower in recuperating from the damage produced by avertin 
than from the other four types of anesthesia which produced hepatic 
damage. Nitrous oxide and oxygen results in liver damage in a smaller 
percentage of the cases than nitrous oxide and ether vapor, and spinal 
anesthesia; however, the damaged liver from nitrous oxide and oxygen 
recuperates at about the same rate as the hepatic damage produced by 
spinal, and ether vapor with nitrous oxide. Local anesthesia did not 
produce liver damage ; however, the other five types of anesthetics used 
produced hepatic damage in varying degrees ; avertin is the most toxic 
to the livei’, and in order of decreasing toxicity, nitrous oxide and ether 
vapor, spinal, nitrous oxide and oxygen, and local anesthesia may be 
listed. 

The longer the anesthesia (avertin, inhalation anestlietics, or spinal), 
the greater the chance of liver damage. 

Sex does not influence the effect of anesthesia on hepatic function. 
The older the patient the greater will be his chances of hepatic damage 
from an anesthetic. 

If impaired liver function exists prior to the admijiistration of avertin, 
or nitrous oxide, oxygen, and ether vapor anesthesia, it is a certainty 
that additional liver damage will result. In the majority of cases where 
impaired function of the liver exists, nitrous oxide and oxygen anesthesia 
wiU result in additional hepatic damage. The impaired liver recuperates 
from the additional damage due to anesthesia at about the same rate as 
the normal preoperative functioning liver recuperates from the damage 
b 3 ^ an anesthetic. 

The maximum hepatic damage produced b)' the group of anesthetics 
used in this series occurred during the first twenty-four hours posl- 
operatively. 

Patients witli uncomplicated and smooth convalescence seldom show 
hepatic damage. If a rise in the percentage of retention of the dj’e oc- 
curs after tlie fii-st postoperative day, a complication will usuallj" be 
found to be present. 

Excluding infections of the liver and biliary' tract, pulmontiry tuber- 
culosis, chronic sojwis, and overwhelming infections, .surgical cases with 
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an associated infection such as acute appendicitis, abscesses, and wound 
infections, will not reveal evidence of impaired hepatic function result- 
ing from the infection per se. 
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CHOICE OF ANESTHETIC AGENTS AND METHODS OP THEIR 
ADMINISTRATION POE DIABETIC PATIENTS 

Donald E. Hale,* JLD., Butte, Mont., and 
Ralph M. Tovell, M.D., Hartford, Conn. 
fFrom the Mayo Foundation and. the Section on Anesthesia, the Mayo Clinic, 

Bochester, Minn.) 

T he selection of tlie most suitable anesthetic for tlie patient for 
whom factors in addition to those arising from the nature of the 
surgical demands must be considered constitutes a problem wortliy 
of the combined attention of sui-geon, clinician, and anesthetist. This 
is especially true in eases in which the surgical condition is compli- 
cated by diabetes mellitus. This type of patient tolerates certain anes- 
thetics well, other's rather well, and still others badlj*. One might 
employ only those agents which the patient tolerates well, except for 
the fact that they do not, in all instances, meet the needs of the 
surgeon. 

A consideration of the peculiar problems of the diabetic patient 
reveals that the greatest danger is acidosis, under the shadow of which 
lie must live his whole life. Paramount in the prevention of this com- 
plication are proper diet and facilities for its combustion and adequate 
elimination. Insulin has afforded a remarkable reduction in the op- 
erative mortality among diabetic patients. This has been emphasized 
by Walters, Meyerdiug, Judd, and Wilder, who reported a mortality 
of 3.3 per cent in 2,086 eases in Avhich operations were performed on 
diabetic patients. 

Anesthetic agents, by the very quality which renders them capable 
of inducing anesthesia, interfere Avith the normal functioning of the 
cells which they affect. If the function of the cells of the liver, pan- 
creas, and kidney of a diabetic patient is sufficiently disturbed, acido- 
sis results. If the acidosis is not too severe or of too long duration, 
and if it is recogirized, it can be combated successfully and no 2 )ei‘ma- 
nent damage will result. Thus, its complete prevention is not essential 
or indeed, in many eases, possible. 

Chloroform and ether, when used to produce anesthesia, cause hy- 
perglycemia,^' Poster said that the increase in the value for the 
blood sugar coincident AA'ith ether anesthesia is probably the result of 
defeetiA’e utilization of carbohydrate. EabinoAvitch said that ether 
preA’ents the eoiiA'ei'sion of dextrose into glycogen and the storage of 
the latter in the liA’er. It also interferes Avith the metabolism of the 
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glycogen already there, and in these ways causes hyperglycemia. This 
interference, according to Simpson, is attributable, at least in part, to 
asphyxiation of tissues. Sansum and Woodyatt found that when ether 
is administrated to phlorhizinized dogs, hyperglycemia results imme- 
diately. They explained this on the basis of the transformation of 
hepatic glycogen to sugar in the presence of asphyxia. Ether dimin- 
ishes the excretion of urine, and therefore also diminishes the excretion 
of nitrogen, dextrose, and acetone bodies. Katsch and von Friedrich 
noted that ether stimulates the external secretion of the pancreas. 
Joslin and Simpson suggested that, in consequence of this action, it 
might also diminish the internal secretion of this gland. 

Stehle and Bourne expressed the opinion that ether increases the 
hydrogen ion concentration of the blood and lowers the carbon dioxide 
combining power of the plasma. In experiments on dogs, van Slyke, 
Austin, and Cullen found that ether anesthesia always caused an in- 
crease in the hydrogen ion concentration in all cases, and an accom- 
panying decrease in the alkaline reserve, which was the result of the 
introduction of acid into the blood or the withdrawal of base from it. 
Leake, Leake, and Koehler confii-med the work of van Slyke, Austin, 
and Cullen and observed that the acidosis which develops is not de- 
pendent on the respiratory activities, and therefore is not the result 
of acapnia. They indicated that the acidosis is more probably due to 
loss of base from the blood than it is to the addition of acid, as they 
found no marked increase in the concentration of acetone bodies in 
the blood during prolonged ether anesthesia. Cullen and his asso- 
ciates found that the larger part of the decrease in alkali reserve which 
occiu’s as a I'esult of ether and chloroform anesthesia takes place early 
in the eourse of the anesthesia. The occurrence of this decrease to- 
gether with the prompt increase in hydrogen ion concentration sug- 
gests an uncompensated acidosis. Gross said that the concentration 
of acetone bodies does not tend to increase as a result of anesthesia 
with ether or chloroform and he did not find any significant increase 
in the conccnti-ation of lactic acid in the blood under these conditions. 
Blum demonstrated that the hypodennic iipjection of beta-oxyhutyric 
acid into normal dogs does not cause the appearance of diacctic acid 
and acetone in the ui-inc, but. if the dog is under chloroform anesthesia, 
a mai-kcd acetoimria results. It is a common thing to find acetone 
present in the urine of nondinbetic iiatients following ether anesthesia 
but this probably is frequently accounted for by semistarvation from' 
restricted intake of food (carbohydrate). 


Hagen called attention to the .striking siinilaritv between the dis 
lurbauces of metabolism associated with the acidosis of diabetes and 
that resulting from ether ane.sthesia. This similnritv includes even the 

(rrc from ,v,tl, a„ or alkali,,, salts aiid a-atcr 
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in the bodj’’, a blood sugai’ within normal limits and in a iiormal state 
of nutrition maj^ be considered as good an oijerative risk as a iion- 
diabetic patient.” Wilder agreed with this statement although he 
excepted those patients who had diabetes associated with arterio- 
sclerosis and who were subjected to operations on the sigmoid colon. 
In such cases, the danger of leakage from delayed union of the in- 
testine is alwaj^s present as the blood sni^ply is poor. Joslin eniplia- 
sized the fact that administration of chloroform interfered with carbo- 
hydrate metabolism and that this intei'ference disturbed the metabolism 
of fat and resulted in acidosis and coma. The concenti’ation of fat in 
the blood is increased by ether anesthesia. Sansnm and Woodyatt 
found acetonuria following etherization of normal dogs. Ether neces- 
sitates fasting before anesthesia and, bj' causing postanesthetie nausea 
and vomiting, interferes with the ingestion of food. 

Most writers are agreed that ether and chloroform are dangerous 
anesthetics for diabetic patients.^- ”• The.v condemn chloro- 

form altogether and advise avoiding ether if possible, but they admit 
that it may be safe if used carefully and in small amounts. Pitz said 
that ether is well tolerated by man 5 ’- diabetic patients but not in those 
cases in which the diabetes is complicated by sepsis, and not unless 
a small amount is sufficient. Judd and his colleagues said that ether 
is the anesthetic of choice for many diabetic patients. They found that 
the mortality was no higher with ether than with other anesthetics. 
Ether is not ideal from a medical viewpoint, but, as it produces better 
anesthesia and relaxation than anesthetic gases alone, it permits a 
moi'e rapid operation and lessens shock. Lemann did not find any 
emdenee of acidosis in several cases in which ether was administered 
to diabetic patients. Walters, Meyei-ding, Judd, and Wilder reiterated 
the opinion that ether is preferable if it shortens the duration of the 
operation. The importance of using as little ether and for as short 
a time as possible is realized by all who recommend its use.=' Accord- 
ing to Pitz, the amount of ether used for 100 abdominal operations at 
the Mayo Clinic was only 46 per cent of the amount used in a similar 
series of eases in the average hospital elsewhere. 

Mixtm-es of nitrogen and oxygen cause as much acidosis as nitrous 
oxide and oxj-gen. The acidosis is therefore the result of anoxemia. 
Acetylene acts much as nitrous oxide, but it is more eifective and ma.i 
therefore be used with larger amounts of oxygen and with a cone.s 
pondingly lessened danger of acidosis.®* Ethylene behaves as acetjlenc 
in this respect. Leake and Hertzman said that if sufficient oxi gen 
to keep the oxygen saturation of the blood within normal limits is usee 
with ethylene (92 per cent or more), no change in the chemical coin- 
position of the blood .should be expected. These authors found that if 
there is no nnoxeiuJa when ethylene and oxj'gen are used to ane.s- 
thetize dogs there is a slight fall in the hj'drogen ion concentration 
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and eai’bon dioxide content of arterial blood but not beyond noi-mal 
limits wben anesthesia is maintained for half an hour. If anoxemia is 
present, however, there is an initial increase in arterial hydrogen ion 
concentration with inconstant changes in carbon dioxide content of 
the blood. This condition, which persists fifteen to twenty minutes, 
is followed by a fall in the hydrogen ion eoneenti’ation and in the car- 
bon dioxide content. It is impossible to maintain nitrons oxide anes- 
thesia without anoxemia, but neither nitrons oxide nor ethylene influ- 
ences the reaction of the blood so markedb'^ or so rapidlj'^ as ether or 
chloroform. 

Local anesthesia is recognized by many as one of the most favorable 
types of anesthesia for diabetic patients. Especially is this true of 
block anesthesia, for its use does not injure the operative site itself. 
It is inadmsable to employ procaine by local infiltration in a region 
which has a deficient circulation, on account of the danger of pro- 
ducing gangrene or infection.^*' Dewes contended that the slight 
hypergljmemia which follows the use of local anesthesia (for extra- 
peritoneal operations) is due to the anesthetic agent. He said that the 
hyperglycemia is much greater in eases in wliich laparotomies are 
performed than it is in cases in which other operations are performed ; 
in the foi'mer cases the value for the blood sugar sometimes is two to 
four times the normal figure. Lynn noted that the increase in the 
value for the blood sugar Avas 30 to 60 mg. per 100 c.c. following block 
anesthesia; this probably was attributable, at least in part, to a fall 
(about ten points) in the blood pressure. 

Spinal anesthesia is generally conceded to be very useful for dia- 
betic patients. Hailes contended, and with justification, that it should 
not be used in cases in which the patients were debilitated as such 
patients cannot tolerate a decrease in blood pressure, but diabetes 
itself is no contraindication to the use of spinal anesthesia. Vogel 
reported excellent results from the use of spinal anesthesia for ampu- 
tation of the lower exti'emities of diabetic patients. 

Preoperative and postoperative care of the diabetic patient is of 
great importance. Eliason recommended determination of blood sugar 
and carbon dioxide combining porver of the plasma before operation. 
If the value for the carbon dioxide combining power is found to be 
low, bo. said that operation should be postponed until the acidosis has 
been overeome, for although the patient might survive the operation 
lie might, sueeumb to postoperative acidosis. Eliason also favored 
routine detenninations of the values for the blood sugar and the 
earbon dioxide combining power of the plasma within five lioura after 
operation. ‘ 
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mann recommended the use of an extra carbohydrate feeding with an 
appropriate dose of insulin six to eight hours before the operation, 
and 20 e.c. of 50 per cent solution of dextrose with one or two units of 
insulin per gram of dextrose during the administration of the anes- 
thetic. Intravenous administi'ation of dextrose and insulin has not 
been used during opex-ations at the clinic. 

Chloroform is an especially dangei’ous anesthetic for diabetic pa- 
tients and should not be used. Administi*ation of ether to diabetic 
patients causes hypei'glyeemia, a eoncenti’ation of blood fats, a sup- 
pression of renal function, and a pi’onouneed tendency to acidosis. In 
spite of these obvious disadvantages it may be administered when its 
use shortens the operating time and facilitates the Avoidc of the sur- 
geon, provided that the amount xised is small. 

Nitrous oxide and ethylene have only a slight tendency to cause 
acidosis and are satisfactory anesthetic agents for diabetic patients, 
It is essential that anoxemia be avoided. Procaine used as a local 
anesthetic is vei'y valuable, especially wlien employed for block anes- 
thesia. Local infiltration should be avoided in regions which are in- 
fected or which have an impaii-ed circulation. Spinal anesthesia is 
useful for many operations on diabetic patients and has no contra- 
indication peculiar to the disease. 

Two hundred foi-ty-four cases in which diabetic patients were oper- 
ated on at the clinic from January 1, 1932, to January 1, 1934, were 
studied.^® Of these patients, 108 were males aixd 136 were females. 
The yoxmgest was six yeax-s of age and -the oldest was eighty-two years. 

Diabetes was gi-aded on the basis of the severity of the disease;^ 
thus, gx-ade 1 includes those eases in which simple dietary regulation 
sufSces to control the disease ; grade 2 includes cases in which insulin 
is not x-equired but strict and aecux-ate regulation of the diet is neces- 
sary; grade 3 includes those eases in xvhieh the patients required 30 
xxnits or less of insulin and tolerated between 70 and 140 gm. of carbo- 
hydrates ; grade 4 includes those cases in which more than 30 units of 
iusxxlin are required in addition to a careful regulation of the diet. 

Two hundred seventy-nine operations xvere performed on the 244 
patients in this series. Tables were compiled to show the incidence of 
various complications and death in diabetes following anesthesia. In 
Table I the different anesthetic agents are listed with the number of 
times each was used ixx this sexies. Table II shoxvs the ages of the 
patients and Table III shows the cases grouped according to the site 
of operation. 

SUMMARY AND CONCLUSIONS 

Among the complications three groups are of interest. In 5 ca^s the 
grade of the diabetes was increased, as shown bj' the need for additional 
insulin. In 2 of these cases this change was permanent, while in the 
third case it was only a temporary aggravation. In 9 cases infection 
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that statistics obtained on a larger gronp of cases will bear this out. 
Studies of other series may reveal that our conclusions may be ex- 
plained by inclusion, in this group, of cases of infected diabetic gan- 
grene or of the other eases of diabetes complicated by infection, in 
which such operations as emergency procedures are performed. 

It is recognized, however, that infection and gangrene are not in- 
frequently an intimate part of the syndrome of diabetes and therefore 
we feel that our conclusions are not unwarranted. 
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followed tlie operation. Three of these cases are included mider the 
heading “Genitourinary Complications" in the table. In 2 other cases 
there was delayed healing. In these last 2 cases the complications in- 
cluded conditions which often are encountered in cases of diabetes and 
which should not be attributed to the anesthesia except as the latter 
may have caused a transitoiy increase in the severity of the diabetes. 
The other complications encountered are those seen on any surgical 
service. 

Of the 15 deaths in this series, the earliest occurred on the third 
postoperative day and the others occurred at longer intervals up to 
tAventj’^-tAvo days. It is difficult to blame an anestlietic for a death 
that occurs many days after the use of the anesthetic. It is interest- 
ing that in manj' of the iiostoperative notes in this group of cases 
mention was made of the fact that the diabetes was under reasonably 
good control. Nearly all the anesthetics in common use were em- 
ployed in one or more of these fatal cases, but cyclopropane, tribrom- 
etlianol (avertin), or cocaine were not used. The largest quantity 
of ether used was 7 ounces (210 c.c.), the next largest amount was 2 
ounces (60 c.c.), and 1 ounce (30 c.c.) or less -was used in the other 
cases; therefore, ether did not play a conspicuous paid in a large 
percentage of these fatalities. The duration of operation and anes- 
thesia in this group of cases averaged about sixty-three juinutes, which 
is at least suggestive. 

From these data we may be justified in concluding that the usual 
anesthetic agents may be used for a diabetic patient provided the 
diabetes is carefullj' controlled preoperatively and postoperatively. 
This is true provided that reasonable care is taken to avoid sui’gical 
procedures which are of unusually long duration and provided that 
the anesthetic is administered with reasonable skill, without the use 
of excessive amounts of ether. In Table I it may be noted that the 
mortality ivas least folloiving the use of spinal anesthesia. Table II 
demonstrates that the danger of a fatal outcome following operation 
increases in direct proportion to the age of the patient. Thus, the 
mortality encountered in cases in which patients were below the fifth 
decade of life (44 patients) was 0; in the fifth decade it was 4.9 per 
cent, and in the .seventh decade it was 10.1 per cent. In Table III one 
may be surprised to note tliat the mortality ivas highest for patients 
■who underwent surgical procedures on the lower extremities. This, 
howevei', is readily explained. In the majority of these instances 
amputation was done for diabetic gangrene and infection. The risk 
was recognized, but it was deemed e.ssential that the operation be 
undertaken. It appears that tlie risk of operation is greater for pa- 
tients snftcring from diabetes tlian it is for the average individual 
and that tlio danger encountered following surgical procedures varies 
directly -with the grade of diabetes. We arc not convinced, however, 
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A. Strauss, MD., and Joseph Tomarkin, M.D., Cleveland, Ohio 
(From the Surgical Service, Mt. Sinai Hospital) 

'“PHIS paper is a critical review and examination of 1,325 consecutive 
operations on acutely inflamed appendices performed at Mt. Sinai 
Hospital, Cleveland, from January, 1924, to November, 1935. We wish 
to emphasize the point that they were all acutely inflamed as reported 
by the pathologist and no case diagnosed as catarrhal or subacute has 
lieen included. The patients were operated on by the visiting staff and 
by the courtesy staff and include both private and ward service cases. 

There were 748 males and 577 females. Seven hundred and eleven 
cases were between the ages of ten and thirty years. 


T.m.E 1 


AGE 

MALE 

FEMALE 

TOTAL 

Under 5 vr. 

18 

7 

25 

5 to 9 yr. 

73 

58 

131 

10 to 19 yr. 

205 

183 

388 

20 to 29 yr. 

ISO 

143 

323 

:!0 to .19 yr. 

149 

85 

234 

40 to 49 JT. 

74 

37 

111 

50 to 59 lir. 

2() 

:!i 

GO 

Over GO vr. 

14 

IG 

30 

Over 70 yr. 

G 

1 

7 

Age unstated 

3 

1.3 

IG 


748 

577 

1,325 


The high percentage of patients operated on within 24 hours of the 
onset of symptoms was a factor in the low mortality rate. There were 
1,020 cases admitted within 48 hours after onset, and of these 738 came 
witliin 24 houi-s. The duration of .symptoms varied from 6 liours to 
1 month. Those jjatients wlio iuul symptoms le.ss than 12 hours totaled 
22(); 1 day, 512; 2 days, 282; 3 days, 122; 4 day.s, 46; 5 days, 20; G day.s, 
13; 7 days. 29; S day.s to 1 month, 35. Althougli many of lliesc ease.s 
were operated on early; many already had ru])tured aj)i)e7idices with 
peritonitis. It is apparent that •|uite some degree of inflammation imi.st 
he present in the appendix houi-s before it !)egins to give svmptoms 
-rherefl.re, keen ,liagnosti<. ;,bility and cooperation of tlic internist and 

fam.ly phys.eian make ,ms,sil,le early surgical intervotion in acute 
appendicitis. 

10 .-.h. ! r..r i.iiMi. j,,. 
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wliereas, the surgeon could and should have noted how severe the re- 
actions were elsewhere. The report of localized peritonitis is only an 
index of what undoubtedly was more widespread and shows that the 
infection and reaction were no longer confined within the walls of the 
appendix. The mortality in this group was 5 per cent. For the whole 
series there were 57 deaths, or 4.3 per cent, and among these 57 deaths 
there were 7 cases in which the appendix was not removed or seen. 
There were 187 cases of ruptured appendices, 14.1 per cent of the series. 
Twenty-one of these died, a mortality of 11.2 per cent for ruptured 
appendicitis. 

DeCourcy reports the mortality rates for ruptured appendicitis from 
the Good Samaritan Hospital yearly from 1931 to 1935 varied from 24.5 
per cent to 11.4 per cent, although he states that in a series of 50 cases 
he has reduced the mortality of ruptured appendicitis to 4 per cent by 
inserting a tube in tlie cecum after removing the appendix. He believes 
that decompression of the bowel is a very important factor in saving life 
in the case of ruptured appendicitis and his figures show that it should 
be given serious consideration. However, as again stated under the 
question of drainage, in our series 77 of the ruptured appendicitis cases 
were closed without drainage "with a mortality of 4 cases, or 5.3 per cent ; 
whereas, the mortality in the 110 cases of ruptured appendices that were 
drained was 15.4 per cent. 

"We found that a fecalith played an important role in tlie mortality 
figures. It was present in 184 appendices, or 14 per cent of the series, 
and was also in evidence in IS of the 50 fatal cases, or 36 per cent of the 
total deaths. In other words, the 184 appendectomies ivhere a fecalith 
was noted had a mortality of 9.S per cent; whereas, the rest of the 1,141 
appendectomies free from fecaliths carried a mortality of only 39, or 
3.4 per cent. Thus the mortality in the presence of a fecalith was 3 times 
as high as in tlie absence of a fecalith. It was noted in all age groups, 
the youngest being three years of age and tlie oldc.st over sixty years. It 
appeared in 117 males and 67 females. They were operated on just as 
early as those cases in the general group. Seventy-eight (42 per cent) 
of these patients were admitted with sjnnptoms of 1 day’s duration; 58 
(31 per cent). 2 days’ duration. Thc.se percentages are almost tlic same 
as in the general group so that delay and age were not factors in the 
mortality figures. 


In considering the pathologic conditions present in this group, we 
arc struck with the severity of the disca.se proce.ss as reported by the 
pathologic Inhoratories. There were only 15 cases in this group admitted 
within 12 hours of the onset, as against 226 in the general groun-a 
nr 5,1 „nr cml nn 17 cc.,l_vnt 12 

nnrl,- nn.n. kI,„,v„ (ihrinnimnita.l There ,v,e n 
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Pain was the predominating sj^mptom. It occurred alone in 248 cases; 
with nausea in 198; with vomiting in 408; witli nausea and vomiting in 
460. 

In addition to the above cardinal sj’mptoms the following were noted : 


Table II 


Chills 59 

Diarrhea 28 

Constipation 35 

Dysuria 15 

Drinary frequency 4 

Backache 9 

Sore throat 9 

Nasopharyngitis 33 

Fainting 2 

Cold sweats 2 

Malaise 5 

Auricular fibrillation 1 

Headache 24 

Cases unstated 11 


The white blood count, although not all important, should not be over- 
looked. It ranged from a low of 2,300 to a high of 46,000 in our series. 
If one considers a leucoeytosis as beginning with 10,000, then a count is 
of little value as a diagnostic aid in 12 per cent of tlie cases. This is 
suf6cient evidence to prove that the clinical histoiy and pliysical find- 
ings are much more important and valuable in arriving at a diagnosis. 
■\Ve are all too familiar with tlie number of cases of gangi’onous ap- 
pendicitis with a low white blood count to permit the latter to deter us 
from operation. On tlie other hand, a very high white blood count 
with minimal physical findiiigs may be accepted as an aid to diagnosis 
and an additional indication for operation. 

Table III 


W.B.C. 

Below 5,000 4 

5.000 to 7,900 37 

8.000 to 9,900 104 

10.000 to 11,900 120 

12.000 to 14,900 31.0 

15.000 to 19,900 370 

20.000 to 24,900 I'lS 

25.000 to 29,000 39 

Over 30,000 ?£_ 


The cases with free purulent fluid or fibrin localized to the appendix 
bore a pathologic report of localized peritonitis and numbered 870. This 
report of the pathologist must not be taken too literally in considering 
the severity of thc.se cases. In other words, it does not mean that there 
was no fibrin or peritonitis in the rest of the abdominal cavity. On the 
contraiy, it means there pi'obably was peritonitis elsewhere and more 
widespread, but tlie pathologist bad only the appcndi.v to c.xaminc; 
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hours in a six-year-old girl and yet a 'walled-offi abscess was found at 
operation. Sometimes drains were inserted when there was no walled-off 
abscess. They were all cases, however, in which the surgeon found pus 
and in which he thought it was better not to look for the appendix or to 
attempt to remove it. This group of eases is highly instructive and is 
worth while analyzing more in detail. There wmre 16 females and 15 
inale.s. The youngest rvas a sixteen-month-old boy. The oldest, a female, 
definitely well over sixty years of age. Interesting enough, there were 
16 cases under fifteen years of age, among whom there were only 2 
deaths. 

TABiiF, rv 


DURATION OP SYMPTOMS NO. 


12 hr. 1 

2 days 2 

3 days ^ 

4 days 3 

5 days 2 

6 days 6 

7 days 6 

9 days 2 

10 days 3 

12 days 1 

14 days . 2 

3 ivk. 1 

Unstated 2 


By far, the greater number of cases were of more than 4 days’ dura- 
tion. There were 744 hospital days for 31 cases, for an average of 24 
days per case. There were 26 abscesses; the rest had general peritonitis. 
Fourteen were drained properly by opening into the abscess and not 
penetrating the general abdominal cavity. 

Tiie six deaths in this group are interesting to analyze in detail: 


Oari; 1. — (N 2215) A white hoy, aped eleven ycar.s, who had been ill .cix days 
heforo admission to liospital. An aiipendicenl absces.s was drained tlirongh the 
roeinm. The boy developed intestinal obstruction nnd peritonitis. An ilco.stoniy 
was done, then nn incision and drainage for abscess of the left side of the abdomen. 
He was given blood transfusions bat nevcnliele.^s died on tlic forty-ninth hospital 
day. In retro.spect, there is nothing that eould have been done to save this bov 
except perhaps an earlier visit to the doctor. 


C.tsr. 2.— (N 2::0) A white woninii. nged forty-six years, wlio had heen ill ten 
•lay,s. She was explored for gallbladder dis.'ase. .\n appendiceal absce.>;.s was found 
which was inadvertently ruptured with a spill of pus into the genera! !cbdominaI 
riwity. Peritonitis developed. The patient died in five dav.s. 


r.\si: .l.— nOS p.'C.'il A white male, 
Till' patii'iit bad a ililTin-e peritonitis. 
Iiiiule to li>,-!ite the apjs'iidix. lie bad a 
day. wlii'di at mitepvy was foiiml to bav. 


, aged forty yc:tr.«, wlio was ill tlina.- dtiys 
He w..,s .,ls„ dialietie. Xo .„(oa.pt 
inas'-nv intestinal lieaiorrliate on the eighth 
’ from a gastric ulcer. 


Tam; 1.- 

n wiiitinv: ]uit5.’v. Nho 
iiptl 


A nme ye:ir.,i1,! eJrp j]] 

"a- ojH'nitnl upon on the nintii 
■hull!, -nd'h-nh- be-rin ri,.,.. 


Till* iltwfor 
day wlu’M l;rr 


‘I'vidotl tipttii 
Iprjjpcnifarc, 
wns 
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^ bej'ond tJie walls of tlie appendix. There were 41 ruptured appendices 
iji the 184 cases ivith feealiths — 22.3 per cent, as against 146 ruptured 
appendices in 1,141 cases — 12.7 per cent. It is possible that the feealitlj 
is responsible for a more rapid progress of the disease by tending to 
promote earlier z'upture or earlier gangrene because of obstruction and 
resulting distention; consequently it is directlj’' responsible for a great 
man.y deatlis. Since this was mitten, Wangensteen and Bowei's have 
published their results of experiments with obstructed apjzendices. Their 
results seem to agree with our clinical observations in this series of 
feealiths. 

Wilkie has pointed out that there are two pi'imaiy and fundamental 
processes occurring in appendicitis. Ozie is the acute infection of the 
wall of the appendix, the other an acute obstruction of the lumen of the 
appendix comparable to an5' other obstruction of the bowel. Kline 
stresses infection in false, microscopic diverticula e. Wilkie states in this 
tj’pe the rise of temperature is natural aznl inevitable. But in the ob- 
structive type, this rise is absent during the earl.v phase, at the very 
time when diagnosis is all important. While Wilkie does not believe 
that obstruction precedes infection in all cases, he does believe that 
blocking of the lumen, with consequent tension, is the real danger in 
appendicitis. It is unfortunate that the fecalith does not produce earlier 
symptomatology. In other words, this further brings out the fact well 
noted by many writez's that s.vmptonis and phj^sical findings may be di.s'- 
])roportionate to the pathologic condition present in acute appendiciti.s. 

We examined our figures to note carefully the effects of drainage on 
mortality, morbidity, and complications. We have a sole positive indica- 
tion for drainage, the localized walled-off abscess. It has been zvell estab- 
lished that a drain in the abdomen docs not drain the abdomen for long, 
but that it becomes walled off in 14 to 20 hours or less and thereafter acts 
as a plug and a foreign bod.v, thereby taxing the body oconom.v. 
Nevertheless, a good many surgeons still dz-aiiz the abdomen on the 
slightest provocation— so gi-eat is habit and tlic effect of past tradi- 
tion. We consider first the 187 ruptured appendices witli 21 deaths. 
Of these 1S7 cases, 110 were drained intraabdominally. Twenly-five 
were drained subfaseially, Tliere were 52 cases not drained at. all, but 
these latter two groups may be added together totaling 77 ea.sos in which 
the abdomen was actually not drained. Tlierc were 16 deaths in the 
group in which the abdomen was drained, a mortality rate of 16/110 oi 
14.5 per cent. There were 4 deaths in the group of ca.sc.s with undrainod 
abdomens, a mortality rate of 5.3 per cent. We believe these figures 
arc important in emphasizing the dangor-s of drainage. 

Tlierc wore 31 cases operated upon in which drainage wa.s the onl.i 
procedure. There wore 6 deaths (19.3 per cent). The average duration 
of .s.vmpfom.s wa.s 7.9 days. The shortest duration of symjUoms was 12 
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I'iic following is a consideration of the complications : 
h Wound infection; We may consider every drained case a wound 
infection. There were 128 wound infections in the 794 nondrained 
wise.s, 1G.18 per cent. 

Pelvic abscess : Pelvic abscass is a common complication in ap- 
pendicitis. There were 33 i)clvic abscesses developed in the drained 
eases, 7 ])er cent. There were 11 pelvic abscesses in the subfascial 
drained grouj) and 10 in the undrained group. These latter two groups 
may be added together for a total of 21 pelvic abscesses in 8G2 eases, 
2.4 per cent. Therefore, pelvic abscess occurs over 3 times more fre- 
hnently when the abdomen is drained. 

floine attem])!. was made to correlate tl\e amount of fluid present in 
the abdomen with the development of a pclvie abscess. Naturally this 
must be crude inasmueb as the actual amount of fluid present is never 
measured. Whetber Ihcre is a hu'ge or small amount of fluid present 
IS never measured. Whetber there is a large or small amount of fluid 
noted on the chart diffcirs with the temperamenf, of the observer. Never’- 
thcless, we thought it worth while to see what we could find. 
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Wo may grouj) Ihc caso.s whore the abdomen was not drained and 
where it. was subfascially drained together and wo may also add Ihc 
caso.s of no free Iluid and the eases with a small amount of fluid togefher. 
Accordingly, we lind that in the drained al)domeus grouj) where 
there was a large amount of fluid jrre.scnl, 20 out of 01, or nearly 
30 per cent, developed a j)olvic abscess. In Ihc combined undrained 
groujis, when lliere was a large amount of fluid present, only In out of 
92 dcvclojicd a jiclvic abscess, 10.3 per cent. We may accordingly sur- 
mise that when there is a large amount of fluid jircsoul, a jiclvic abscess 
may be a common eoinjilication regardle.ss of whether the abdomen is 
drained or not, bnt nevm-tlielc.ss it is twiec as frctjucnt wlien Ibn ab- 
domen is drained. When there was a small amount of fluid l)r(>seii| ■iiid 
lb.- abd.anen was drained. 13 out of 400. or 3.3 por cent developed -i 
pelv.e .Mhseess; but wl.eu tl.e abdomen was not .Irainod, onlv C out of 
• oS. or d.b J,er eent. Ilcvelojwd a Jielvle abscess. Tims dniimor ^ 
■■ansutive faeior in the formation of ■, ni • -n 

in this uronj) of eases. ^ evident 
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opened tlirougli tlie free peritoneal cavity and nas drained. She developed a fecal 
dstula and then a massive hemorrhage from the abdominal incision. She was 
transfused with whole blood several times. She died on the twenty-ninth day. 
This case does not militate against conservative treatment or against drainage only 
of an abscess. The case brings up the question of the proper metliod of draining 
an appendiceal abscess. It is always best if the abscess points toward the rectum 
or in the culdesac to drain through the rectum or vagina, respectively. However, 
when the abscess must be opened through the abdominal wall, great care must be 
taken to open the abscess laterally without opening the peritoneal cavity. 

Case 5. — (108-2784) A white male, sixty-eight years old, who Iiad been ill 
three and one-half days, came into the hospital nearly moribund. At operation a 
large amount of free fluid was found and considerable pus. The appendix was 
retrocecal and gangrenous. hTo effort was made to remove it. Tiie patient died 
in eight hours. 

Case 6. — (108-344). A fifty-nine-year-old woman, ill ton days. A diabetic in 
very poor condition. The patient had peritonitis plus a large abscess in the right 
iliac fossa which was ruptured accidentally, liberating a large quantity of very 
foul pus. The patient lived two days. 

Thus, of the 6 deaths, 4 were apparently inevitable because of the 
patient’s condition or the state of the disease on admission. Two pa- 
tients might have been saved with different technique. The deaths in 
this group were due to peritonitis, intestinal obstruction, toxemia, mas- 
sive hemorrhage (a) from abdominal wound, (b) from intestines — from 
gastric ulcer, paralytic ileus. 

"We next consider the effect of drainage on morbidity. There were 
8,484 hospital days in the nondrained group. An average of 10.7 days. 
There were 69 cases in which a subfascial drain was used, but in wliicli 
the abdominal cavity was not drained, that spent a total of 1,079 days 
in the hospital, for an avei’age of 15.3 days. Tlie closeness of this 
figure with that of 15.6 days in cases in which an abdominal drain was 
used would seem to indicate that the delayed healing of the abdominal 
wall was the onlj^ factor in prolonging their hospitalization. 

The complications which arose in this group were general pci'ilonilis. 
intestinal obstruction, decubitus ulcers, pelvic abscess, parotitis, sub- 
maxillary abscess, fecal fistula, massive hemorrhage from abdomen, 
massive intestinal hemorrhage, pleural effusion, subphrenic abscess, 
bronchial pneumonia, paraljdie ileus, right lumbar abscess. 

Of the 57 deaths, 38 patients were drained— approximately Go per 
cent of the cases that died. Of course, it ina}’ bo ^'anted that 
were mostly severe cases and included in tltc.se 38 deatlis weic 7 in 
which the appendix was not removed. There were 452 cases in vliict 
the abdomen was drained. The mortality rate for the.se i.s S.03 per cent. 

In the nondrained gx'onp, tlio mortality h 2.21 per cent. Inclntlod in 
the series of 4G2 drainage casc.s are many ea.se.s wliicli oeeiirrcd in tlie 
earlier years of tliis .study and douljlloss would not he drained today. 
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48 hours, 62.3 per cent of the deaths. Pour cases had had chills. There 
were 59 cases in oiir entire series who complained of chills. Chills, 
therefore, should not be looked upon as indicating a poor prognosis. 
Two cases had cough, 1 hiccoughs. Two cases were not operated upon. 
Six cases were operated upon and drained only. Thirty-seven eases 
were drained through the abdomen. One case was drained through the 
rectum. Pecalith was found and mentioned in 18 cases in which the 
appendix was removed. The 57 cases had a total of 599 hospital days, 
for an average 10.5 hospital days, but 18 of these cases lived but 2 
days or less after admission which indicates a very virulent infection 
or that they ivere ill a long time and in poor condition and the operation 
hastened their end. Twenty-one cases, nearly 37 per cent, gave histories 
of having had cathartics and several more had had enemas. 

Most ivriters find great difficulty in drawing the dividing line between 
the localized and the spreading types of peritonitis. We believe it is 
altogether too difficult and too hazardous to try to determine this at 
operation. Certainly if a McBurney incision is used, the view of the 
abdomen is quite limited. Most surgeons use this type of incision. The 
important factors in any infection are the virulence or numbers of the 
infecting organisms and the resistance of the patient. It seems to us 
that more and better information is given if the presence or absence 
of pus or cloudy fluid and the amount present arc stated Tfither than 
to attempt to guess what tjqie of peritonitis it is. Accordingly, we find 
in this group of 57 deaths that 27 had large amounts of free pus or 
cloudy fluid. Ten had small amounts. There were 10 cases with no 
fluid and 8 cases with walled-off abscess. Tliere were 2 cases not oper- 
ated upon. A large amount of free pus or cloudy fluid more readily 
rci)rcscnt.s a spreading type of peritonitis, cspcciall.v when there is no 
walling off, although even this is not always the ease. Accordingly, 
there were cases in which no fluid was present which later died of gen- 
eralized peritonitis. 

In this group of 57 fatal cases, the leucocyte count ranged from 2,360 
in a sevenly-four-ycar-old woman who liad been ill 2 days, to 42,000 
in a twclvc-ycar-old girl, ill 7 days, (There were 9 while counts of 
10,000 or lc.ss in 55 done,) Most cases were operated upon soon after 


admission under nitrous oxide oxygen ether. An occasional case wa.s 
done under spinal ane.sthcsiu. There were many com])lic;ation.s amom' 
these eases. The major complications were peritonitis, paralytic (adv" 
uemie) ileus, intestinal obstruction (dynamic), uremia, hronchopneii' 
monia, lobar pneumoni.a. pelvic abscess. .abdomin;il ab.sec.ss pvlephlehitis 
septiemnia suppurative parotitis, gas bacillus infection, mnpverna ' sub-' 
pbretue abscess, emboh.sm. fecal fistula, p.svehosis (nitomnt \ 

hemorrhage from .abdominal wound, massive inteslimil 1 J 

...in....,- ....ii,.,,,,., ,i„rt “'V'. 
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iiondraiiiage group— a total of 5, or 0.5 per cent. Therefore, fecal 
fistula may be expected 7 times more frequently wlien the abdomen is 
drained. There were 2 eases of bad dehiscence of the wound in the 
drained group. There was none in the otlier groups. 

We list the more common complications in Table VI. 


t.vble VI 



ABDO,\£EN DRAINED 

ABD05IEN' NOT 
DRAINED 

SUBFASCIAL 

DRAIN 

Pelvic abscess 

33 

10 

11 

Wound infection 

1007o 

12S 

ioo7o 

Pecal fistula 

16 

4 

1 

Intestinal obstruction 

4 

f> 

0 

Paralj-tic ileus 

5 

3 

1 

General peritonitis 

5 

11 


Lobar pneumonia 

10 

G 


Bronchopneumonia 

15 

S 


Embolic deaths 

2 

0 



Altogether there were, exclusive of wound infections, 139 complica- 
tions in the drained cases — 30 per cent, there were 108 cases witli com- 
plications exclusive of wound infections in the undrained group — 12.5 
per cent — ^less than half as common as in the drained group. In the 
whole series there were, exclusive of wound infections, which you must 
remember is of very high incidence, 247 complications, or 18.7 jicr cent. 
In other words, the appendectomy is often tlie easiest part of the jiroco- 
dure in the cases of appendicitis. The early recognition and proper 
treatment of the complications arising from acute appendicitis tax the 
ingenuity and ability and wisdom of every surgeon. One out of every 
3 cases of appendicitis operated upon has some complication arising. 
Here is a great field in which to recognize and to treat properly each 
complication to cut dorni the mortality. It is easy to sec now why 
operations are always so successful, and yet so many people die ol 
complications. The surgeon who drains an abdomen in acute appendi- 
citis immediately doubles the risk of a complication, aside from trouble 
with the wound which is nearly always present in some degree. Ilatlier 
than increasing the life expectancy of the patient, he definitely lowers 
it. 

ANALYSIS OF CASES THAT DIED 

Of the 57 deaths, 33 were male and 24 female. The youngest was a 
six-month-old white girl. The oldest stated age was scvcnt.\ -foui jeans, 
a -white woman. There were 19 patients under fifteen j’cais of age. 
There were 14 over fiftj' j'cars and S of these over sixtj’ j’ears a tofa 
of 33 in the e.xtremc.s of life. The duration of tlie .symjitoms was up 
to 1 day, 9 cases; up to 2 daj's, 12 cases; 2 to 3 daj's, 17 cases; 3 to 4 
daj’s, 4 cases; 4 to 5 days, 2 cases; 5 to 6 daj's, 3 cases; 6 to 7 daj'S, fi 
cases; 10 daj's, 2 case.s; unstated, 2 cases. Bj' far most of the cases 
had sj-mptoms over 36 liours. TJiirty-si.x cases liad .sj-mptoms over 
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48 hours, 62.3 per cent of the deaths. Four cases had had chills. There 
were 59 cases in our entire series who complained of chills. Chills, 
therefore, should not be looked upon as indicating a poor prognosis. 
Two cases had cough, 1 hiccoughs. Two cases were not operated upon. 
Six cases were operated upon and drained only. Thirty-seven cases 
were drained through the abdomen. One case was drained through the 
rectum. Feealith was found and mentioned in 18 cases in which the 
appendix was removed. The 57 cases had a total of 599 hospital days, 
for an average 10.5 hospital days, but 18 of these cases lived but 2 
days or less after admission which indicates a very virulent infection 
or that they were iU a long time and in poor condition and the operation 
hastened their end. Twenty-one eases, nearly 37 per cent, gave histories 
of having had cathartics and several more had had enemas. 

Most writers find great difficulty in drawing the dividing line between 
the localized and the spreading types of peritonitis. We believe it is 
altogether too difficult and too hazardous to try to determine this at 
operation. Certainly if a McBurney incision is used, the view of the 
abdomen is quite limited. Most surgeons use this type of incision. The 
important factors in any infection are the virulence or numbers of the 
infecting organisms and the resistance of the patient. It seems to us 
that more and better information is given if the presence or absence 
of pus or cloudy fluid a^ld the amount present are stated rather than 
to attempt to guess what type of peritonitis it is. Accordingly, w'e find 
in this group of 57 deaths that 27 had large amounts of free pus or 
cloudy fluid. Ten had small amounts. There were 10 cases with no 
fluid and 8 cases with walled-off abscess. There were 2 cases not oper- 
ated upon. A large amount of free pus or cloudy fluid more readily 
represents a spreading type of peritonitis, especially when there is no 
walling off, although even this is not always the case. Accordingly, 
there were cases in which no fluid was present which later died of gen- 
eralized peritonitis. 

In this group of 57 fatal cases, the leucocyte count ranged from 2,360 
in a seventy-four-year-old woman who had been ill 2 days, to 42,000 
in a twelve-year-old girl, ill 7 days. (There were 9 white counts of 
10,000 or less in 55 done.) hlost cases were operated upon soon after 


admission under nitrous oxide oxygen ether. An occasional case was 
done under spinal anesthesia. There were many complication.s amom-- 
Ihosc cases. The major complications were peritonitis, paralytic (adyt 
ncmic) ileus, intestinal obstruction (dynamic), uremia, bronchopneu' 
monia, lobar pneumonia, pelvic abscess, abdominal abscess pv]ephlel)itis 
septicemia, suppurative parotitis, gas bacillus infection, cmpvema sub’ 


phrenic abscess, embolism, focal fistula, psvebosis t \ V., 
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find peritonitis in 20 cases; paralytic ileus, 9 cases; imenmonia and 
bronchopneumonia, 11 ; \instatod type, 5 ; pelvic abscess, G ; suppurative 
parotitis, 4 ; fecal fistula, 2. Peritonitis, pneumonia, paralytic ileus, and 
intestinal obstruction were the eliief causes of death along with the 
toxemia that is present in the tremendous infection of the peritoneal 
cavity. 

We believe surgery alone has reached its limit in combating acute ap- 
pendicitis. Our hope for greater success lies in two directions. Cases 
must be brought to operation earlier. Tliis iji'oblcm can be solved by 
continued education, both of the people at large and of flie doctor in 
general practice. A diagnosis of acute appendicitis in the very early 
stages is extremely difficult at times, but it is a life saver. We must 
continue to publicize the dangers resulting fi-om tlie careless use of 
cathartics. However, one cannot hospitalize every stomachache. We 
cannot -insist on the removal of every appendix because the total number 
of people dying from prophylactic appendectomy would easily be greater 
than the number dying now from acute appendicitis. The chief cause 
of death in appendicitis is peritonitis and the toxemia arising there- 
from and from intestinal obstruction. Early operations will usually 
prevent these. 

CONCtiUSIOXS 

1. We have studied 1,325 consecutive cases of acute appendicitis 
operated upon at Mt. Sinai Hospital from January, 1924, to November, 
1935, with a mortality of 4.3 per cent. 

2. We feel that tlie fccalith is directly responsible for a greater viru- 
lence of an attack by tending to produce earlier and greater pathologic 
change although it produced no earlier symptomatology. 

3. The mortality is definitely greater in the presence of feealiths. 

4. We have shown that complications occur much more commonly 
when the abdomen is drained. Of the commonest complications, pelvic 
abscess is 2 to 4 times as frequent and fecal fistula is 7 times as frcfiucnt.. 

5. When the abdomen is drained, tiie morbidity is prolonged and 
mortality is increased. 

6. We feel that drainage of the abdomen in acute appendicitis should 
be sharply restricted to use in localized walled-otf abscess. 


REFERENCES 

Wilkie D. P. D.: Some Principle.s in AMominnl Snrgcry, Siirg., Gynec. A Ob«(. 

'eo: 320-13S, 1930. . 

WilHi!, D. A., and -Aforn, .T. St.: Rcl.alion of Drawngc to Worbuhty. I 

Operation for Acute Suppurative Appendicitis, Am. ,T. Siifff. 27. isuts., 

Hnpgnrd.^'w. !>.: An An.ily.iis of .7,3-11 Cn.»e.« Witji nem.irk.s on, tlie Delayed 

Opemtion in Appendicitis:, Am, .T, .'larc. 28: 71 -77, ItC.j. rnt„ 

ArcGratli, .Tolin .T., .-ind Eiss, St.anley: I’revention of Late Podopernlni. Com 
plie.ations in Aento Suppurative .\ppendieiti“. W'itli Three Cnfo Keporix, 
Am. .r. Surp. 27: 312-120, 193,7. . . 

AVanKL-nstcen. Onen I1-, and Doner.*-, Warner P.: SipnitTeanoe of the Oli-ttructi' e 
Factor in the Oene.xi.x of Acute Appendiciti.x, Arch. Snri;. 3-1: -diO, 3937. 



BONE METASTASES PROM CARCINOMA OP THE STOMACH* 


Stanley B. Lawton, M.D., Chicago, III. 

(From the Fresbyterian Hospital and Bush Medical College, of the University of 

Chicago) 

^ARCINOMA of tlie stomach is the most common cancer of the 
^ human body. Metastasis to the surrounding lymph nodes, the 
liver, and neighboring organs is veiy frequent and metastasis to the 
lungs is by no means uncommon. Metastasis to bone, however, is ap- 
parently rare and seldom have reports of its occurrence appeared in 
the literature. Moore,^ in a study of 1,600 eases of carcinoma of the 
stomach, found no evidence of bone involvement. Jenkinson- found 
no tumors of the stomach in his series of gastrointestinal malignancies 
giving rise to bone metastases. In a series of 537 cases of carcinomas 
of the stomach from Johns Hopkins Hospital, Copeland® reports 7 
cases with osseous lesions. Southerland^ states that 1.9 per cent of 
his 1,032 cases of malignant bony metastases arose from primary 
growths in the stomach. A higher incidence of 2.5 per cent is given 
by Matthews,® and 5.7 per cent by Warren® in their series. Recently, 
Kerr and Berger’’ reviewed the literature and found 143 cases. To 
these they added 5 eases, making a total of 148 reported cases. 

In a period of fifteen years, from January 1, 1920, to December 31, 
1935, 606 patients were admitted to the Presbyterian Hospital upon 
whom a diagnosis of carcinoma of the stomach was made. Of this 
group, 10 gave symptoms of bone pains whicli might be attributable 
to bone metastases. Roentgenograms were made of the bony struc- 
tures of these 10 patients and in not a single instance did the x-ray 
films show any evidence of osseous implants. Autopsies were obtained 
upon 7 of these 10 patients. In 3 of them metastatic lesions of the 
bones were found. 

REPORT OP CASES 

Case 1. — Mr. J. F., a carpenter, aged forty-five years, entered the Presbyterian 
Hospital May S, 1933, complaining of upper abdominal pain, increasing veahness, 
and weight loss of twenty pounds during the past four months. Symptoms had 
been initiated with what he termed a “cold in the stomach” eighteen months 
prewously, followed by increasing periods of epigastric pain and pressure, chiefly 
after evening meals. Soda had given little relief and induced vomiting liad been 
resorted to with complete relief. Past history' was of no importance. 

Examination . — The patient was a pale, emaciated male whose tongue and skin 
tvero dry. His pupils reacted well to light and accommodation. The thyroid gland 
was of normal size and the ceiwical lymph glands were not enlarged. Heart and 
lungs were normal. The blood pressure was 9G/GS. Tlie abdomen was scaphoid 
and no peristaltic waves wore visible. A firm, fixed, slightly tender mass about 3.5 

•Read before the Clilcapo Surplc.al Society, Febniaiy- 5 . 1037 . 
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m in diameter ^vas palpable in tl.o epigastrium. The entire abdomen ^v«s soft and 
no tenderness or abnormal findings were elicited elsmvlmre. Bect.il cx-.imin.ition was 
negative. Reflexes normal. 

iaboratorj, FmHngs.~-R.B.C., 3,410, OOOj IV.B.C., G,G00; Hb., 76 per cent. 
Bbod yassermann and Kahn tests negative. Ewald test meal: total acid, SO; free 
U, 24. Urine normal. Kepeated stools showed strongly positive benzidene tests 
with absence of macroscopic blood. Roentgenograms of the stomach revealed a 
large filling defect of the antrum extending from tiie pylorus to well above the 
angularis. 

Operative Finilings.—At operation, a largo carcinoma of the stomach involving 
the entire pylorie region was found. An extensive resection of the pyloric portion 
of the stomach and regional lymph nodes was done. Ko evidence of gross carcinoma 
remained. Postoperative recovery was uneventful and the patient left tlie liospital 
in two weeks. 


December 23, 1933, seven months after operation, the patient reentered tlie 
hospital because of severe back pain, lie had been improving generally until 
October, 1933, when an attack of dull b.ackache incapacitated him for four days. 
Following this he had been symptom free until at the onset of an acute cold ton 
days previously lie began to have unbearable back pains. Findings nt examina- 
tion were essentially the same ns before except for tlic following: marked rodne.ss 
of the throat with bilateral cervical lymphadenitis; slight dullness over the loft 
upper chest with few inconstant moist rfiles; abdomen soft with no palpable 
masses; marked tenderness, stiffness, and pain on motion of the entire spine. 
Temperature, 101° F. Pulse, 100. Boentgenograms of flic spine showed a slight 
bpping of the dorsoluinbar vertebr.ac, otherwise no evidence of bone change was 
seen. Tlie patient r.apidly became weaker and both lungs became involved in a 
terminal pneumonia. 

Aviopsy Findings . — Essential findings were as follows: Extensively resected 
stomach with freely functioning gastrojejunostomy; carcinomatous metasfases of 
the gastrohepatic, periaortic, abdominal, periesophageal, tracheobronchial, anterior 
mediastin.al, and lower cervical lymph nodes; neoplastic thrombosis of the portal 
vein; hemorrhagic bronchopneumonia; carcinomatous mofnslasos of the liver and 
bodies of the dorsolumbar vertebrae and rib.s. 


Case 2. — Mr. A. S., a milk-wagon driver, aged fifty-three year.*!, entered Presby- 
terian Hospital April 19, 1933, complaining of epigastric pain, nausea, vomiting, 
and loss of weight. Four years previously he had e.vperieneed ntf.ick.s of “in 
digestion’’ lasting a few days .at a time which completely disappeared after about 
two months. Fifteen months prior to admission, n sudden return of Ids epigastric 
distress occurred and ulcer management was instituted elsewhere. From this he 
gained some relief, but the pain never completely di.sappcarcd. For three months 
previous to admission he had been having recurrent severe epig:isfric pain with 
nausea and vomiting. There wn.s nothing of significance in his past history. 

Examination . — The patient u-a.s anemic and dehydrated. .Snia!) bilatrr:i1 shot- 
like enlargements of the posterior cervical Ivanph gland., were p:ilpnble. The 
pupils were small and reacted to light and accommodation. The thyroid gland v.a» 
not enlarged. Heart and longs were normal. Blood pre.'suro 110/70. Pulse <>1- 
In the epigastrium .a .«mall slightly fender muss could be paljtated. The bvrr, 
spleen, .and left kidney were not palpable. The right kidney was norm.al. The 
rectum and prostate were normal. Re/lexe.‘> norm.al. 

Ealoraiorn Findings.— Il.Tt.C., .3,500,000; IV.n.fh. 7,200; Hb., -12 p<T cent. 
Blood IVnssernmnii and Kahn tests negative. Ewnb! mi-al: total nnnl. hS; 

free ITCl, 9. Enctic acid harilli were present in nimiber.». Urim- normal, f’lo'ip 
were brown colored and contained niarkcfl chemi-m] Jdnnd, Itrs nrceno^r.am' of the 
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stomach revealed a large filling defect extending from the pylorus along the 
lesser curvature to above the angle of the antrum. 

Operative Findings. — ^At operation, an extensive carcinoma of the prepyloric 
portion of the stomach was found. The growth extended midway up the stomach. 
Regional lymph glands along the entire lesser curvature were involved. An exten- 
sive resection was done removing all the stomach to within a few centimeters of 
the esophagus. The patient made an uneventful recovery. 

Nine months after operation the patient suddenly began a rapid loss of weight 
and developed pain in the back between the shoulders which extended down the 
spine and became quite severe. He was readmitted to the hospital February 3, 
1934. On examination, the findings were essentially as before, except for marked 
tenderness over the dorsal and lumbar spine with considerable pain and limitation 
of motion. The abdomen was soft with no evidence of carcinomatous recurrence. 
Roentgenograms of the dorsal and lumbar spine showed no evidence of bone 
changes. The patient continued to lose weight rapidly, became weaker, and died 
of a pneumonia with carcinomatous metastases in both lungs. 

Autopsy Findings, — These were essentially as follows: Resected distal end of 
the stomach with a freely patent gastrojejunostomy; carcinomatous metastases of 
the mesenteric and periaortic abdominal lymph nodes; carcinomatous metastase." 
of the lungs and tracheobronchial Ijunph nodes; extensive carcinomatous metas- 
tases of the bodies of the dorsolumbar vertebrae, manubrium stemi, and ribs. 

Case 3. — Mr. A. B., an engineer, aged forty years, entered the Presbyterian 

Hospital September 11, 1935, complaining of epigastric distress, anorexia, and 

loss of weight for one year. Back pain had been present for five days. Ac- 

companying the epigastric distress there had been nausea during the last two months 
and on several occasions vomiting had occurred. The back pain had been con- 
stant for five days and extended over the dorsal, lumbar, and sacral spine. He 

had been imder the care of a doctor who, without x-rays or gastric analysis, had 

made a diagnosis of peptic ulcer and had treated the patient with alkaline powders 
and a milk diet. His symptoms had become progressively worse on this regime and 
the sudden back pain brought him into the hospital. His past history was of no 
importance. 

Examination.— The. patient had a marked pallor and apparently was having con- 
siderable pain. Pupils were small and reacted well to light and accommodation. 
There was moderate lymphadenopathy in both anterior triangles of the neck with- 
out tenderness. The thyroid gland was not enlarged. Heart and lungs were normal. 
Blood pressure, 120/76. Pulse, 100. The abdomen was soft. In the epigastrium 
there was moderate tenderness on deep palpation. Ho masses could be found. The 
liver and spleen were not palpable and the kidneys were of normal size and without 
tenderness. Reflexes were normal. Rectal examination revealed a soft prostate of 
moderate size with no tenderness. The spine was tender on percussion over the 
dorsolumbar region. Mobility was not limited on slow motion, although consider- 
able pain was elicited. A neurologic.al examination revealed no abnormal findings 
of the nervous system. 

Laboratory Findings. — R.B.C., 2,940,000; W.B.C., 5,450; Hb., 47 per cent. Blood 
Wassermann and Kahn tests negative. Ewald test meal: total acid, 28; free HCl, 
^2. Urine normal. Repeated stool examinations showed no macroscopic but marked 
chemical evidence of blood. In roentgenograms of the stomach, a deformity of 
the lesser curvature could be seen, extending high on the posterior wall. Roentgeno- 
grams of the spine showed no evidence of bone change. 

Autopsy Findings. — Essential findings were an ulcerative adenocarcinoma of the 
Ics.ser curvature of the stomach with metastases to the perigastric, periaortic 
abdominal lymph nodes, and to the dorsolumbar spine. 
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DISCUSSION 


To further confirm our negative findings in x-raj-s of the skeletal 
structures taken during the lives of these patients, ire again r-ra3-ed 
the bones in which gross metastatic lesions had been found at autopsj’. 



■Unih all obscuring' siiatlow.s removed and a ^ 

iSn.;, oT'lm monicl, is not common, 1, pro., old,- oeenr, ,.ore rr,- 


Lawton : bone metastases froji carcinoaia 


OF STOAIACH l25 


quently than is usuallj’" supposed. AVhile secondarj^ bony lesions^ maj 
be suspected and searched for on the basis of clinieal sj'mptoms, if the 
roentgenograms fail to show the presence of gross lesions, as thej' haA e 
in our cases, ihany diagnoses must remain questionable or uuconfiimed 
unless autopsy is permitted. 

Prom the series of eases reported in the literature where the t} pe 
of metastases has been noted, osteoplasia and osteoclasia liaAm occurred 
in about equal numbers. Both types of change harm been observed in 
the same indmdual. Perv rvriters harm expressed an opinion regarding 
the relation of the size, location, and tyire of the gastric lesion to the 



osseous metastases. After a study of the recorded cases, Ken a 
Berger are of the opinion that the size of the primm-y lesion, its site 
and general tvpe have no bearing on the probable occurrence of 
metastasis to bone. The primary growths in our three cases were 
extensive adenocarcinomas involving the prepyloric regions and a 
great part of the lesser curvatures. TIic metastatic growths to bone all 
gave the same gross and microscopic appearance. On cross-.scctions of 
the vertebrae were mosaic patterns of dark purple and opaque yellow- 


grav areas about equal in distribution. Jlieroscopically, carcinomatous 
tissue was implanted betAvecn the trabeculations of the skeletal stmc- 
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tures and vei-j* little osteoplasia or osteoclasia had taken place (Fig. 
-<). Tile fact that metastasis had taken place hy dlling the spaces of 
the bony meshivork ivithout causing' noticeable destruction or prolif- 
eiation of bone is undoubtedly the reason for failure of the x-ravs to 
reveal the presence of tumor growths. 

SUJtllARV 

1. Bony metastases fi’om carcinoma of the stomach are rare, Kerr 
and Bei’ger having been able to collect only 143 cases from the literature. 

2. In a stiid.v of 606 eases of carcinoma of the stomach, 3 eases of 
proved bonj' metastases have been found. 

3. Roentgenograms failed to show the presence of metastatic lesioirs 
in the 3 cases here reported, due to the absence of eitlier osteoplastic 
or osteoclastic changes in the involved bones. 

4. Bony metastases from eareinoma of the stomach may be more 
common thsii has been supposed. Diagnosis must depend entirely on 
clinical symptoms, where roentgenograms fail, and consequently can- 
not be confirmed in cases where necropsy is refused. 
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THE EFFECT OP CARBON ARC RADIATION ON 
WOUND HEALING 

H. Morrow Sweeney, Ph.D., New Orleans, La. 

(From the Department of Physiology, Tnlane University of Louisiana.) 

T he influence of radiant energy on wound healing has been I'ecentlj' 
reviewed by Laurens’- and Arey.^ Many of the leading European 
heliotherapists, including Bernhard and Rollier, have extolled the 
merits of sunlight, both natural and artificial, and report max’ked 
benefit following its use, particularly in refractorj’- wounds. Goldam- 
mer® found that the results were brilliant both in fresh and granulat- 
ing wounds received in battle. Coulter and Smith^ likewise think 
ultraviolet radiation of definite value in the treatment of wounds. 
Some workers,®’ ® howevei', have found that healing is not hastened by 
artificial radiant energy. Cobum and Cowles’ not only failed to find 
any benefit on treating a large series' of rats by irradiation with 
carbon and iron ares, but their work seemed to indicate a retai-ding 
effect. Pollaczek® found that doses slightly over optimal produced 
injurious effects. 

Adult healthy dogs of medium size (5 to 8 kg.) with pink skin and 
white or light colored coats were used. Tlie wounds were made in 
pairs, one on each side of the body in the saddle region and were as 
identical as possible, the left Avouud being the experimental while the 
right served as the control. The wounds were of two sizes, 18 and 40 
mm. in diameter (255 and 1256 sq. mm.) and of skin depth. They 
were made with sharp cork borei’s placed firmly on the skin and ro- 
tated. This method prevents reflex contraction and results in round 
womids with well-defined margins. Because of their position the 
wounds remained clean without bandaging and the animals could not 
lick them. 

The wounds were measured at intervals throughout the healing 
period by placing a clean glass plate over them and tracing the 
periphery with a sharp pointed glass pencil, transferring this to paper 
and determining the area with a planimeter. Healing was considered 
complete when the scab fell off or could easily be bmshed off leamng 
a di-y cicatrix beneath. 

Irradiation was begun one to three days following the operation. 
The animals were placed in a hammock so adjusted under their bodies 
as to allow them to stand or to rest in the supports during the imadia- 
tion. The conditions were varied in different groups by varyiim the 
dxiratio n of tlie exposure, the number of exposures per week,' the dis- 

KccoSvcd for pvibUcatlon. July 22* 1037, 
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tures and %'ery little osteoplasia or osteoclasia had taken place (Pig. 
2). The fact that metastasis had taken plaee by fdliiig the spaces of 
the bony mesinvork without causing noticeable destruction or prolif- 
eration of bone is undoubtedly the reason for failure of the x-rays to 
reveal the presence of tumor grawths. 

SUJIJtARY 

1. Bony metastases from carcinoma of the stomach arc rare, Kerr 
and Berger having been able to collect only 143 cases from the literature. 

2. Jn a study of 606 cases of eai'cinoma of the stomach, 3 cases of 
proved bonj' metastases have been found. 

3. Boentgenograms failed to show the presence of metastatic lesions 
in the 3 eases here reported, due to the absence of either osteoplastic 
or osteoclastic changes in the involved bones. 

4. Bony metastases from ciU’cinoma of the stomach may be more 
common than has been supposed. Diagnosis must depend entirely on 
clinical symptoms, where roentgenograms fail, and consequently can- 
not be confirmed in eases where necrops.v is refused. 
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Table I 


Small Woend Experiments (Left Wound Irradiated, Eight Wound Control) 


EXPERIMENT 

NUMBER 

IRRADIATION PROCEDURE 


TOTAL RADIANT 
ENERGY RECEIVED 
IN GM. CALORIES 
PER SQ. CM. 

HEALING TIME 
IN DAYS 

P* s 

1 2 

DIFFERENCE 

1 

Entire side for 10 minutes 
week at 1 M. 

3 times 

per 

38.0 

25 

25 

0 

2 

Entire side for 10 minutes 
week at 1 M. 

3 times 

per 

33.3 

21 

21 

0 

3 

Entire side for 10 minutes 
week at 1 M. 

3 times 

per 

38.0 

22 

26 

+4 

4 

Entire side for 10 minutes 
week at 1 M. 

3 times 

per 

57.0 

31 

35 

+4 

5 

Entire side for 10 minutes 
week at 1 M. 

3 times 

per 

52.3 

28 

28 

0 

6 

Entire side for 10 minutes 
week at 1 M. 

3 times 

per 

71.3 

29 

25 

-4 

7 

Entire side for 15 minutes 
week at 1 M. 

3 times 

per 

71.3 

24 

24 

0 

8 

Entire side for 15 minutes 
week at 1 M. 

3 times 

per 

64.1 

25 

23 

-2 

9 

Entire side for 15 minutes 
week at 1 M. 

3 times 

per 

57.0 

21 

21 

0 

10 

Entire side for 15 minutes 
week at 1 M. 

3 times 

per 

71.3 

24 

25 

+1 

11 

Entire side for 15 minutes 
week at 1 M. 

3 times 

per 

95.0 

33 

33 

0 

12 

Entire side for 15 minutes 
week at 1 M. 

3 times 

per 

85.5 

32 

36 

+4 

13 

Entire side for 15 minutes 
week at 1 M. 

3 times 

per 

78.4 

26 

26 

0 

14 

Entire side for 15 minutes 
week at 70 cm. 

3 times 

per 

87..3 

21 

19 

-2 

15 

Entire side lor 15 minutes 
week at 70 cm. 

3 times 

per 

116.4 

24 

24 

0 

16 

Entire side for 15 minutes 
week at 70 cm. 

3 times 

per 

145.5 

31 

36 

+5 

17 

Entire side for 15 minutes 
week at 70 cm. 

3 times 

per 

130.9 

28 

28 

0 

18 

Entire side for 15 minutes 
week at 70 cm. 

3 times 

per 

101.9 

17 

33 

+10 

19 

Entire side for 15 minutes 
week at 70 cm. 

3 times 

per 

116.4 

22 

21 

-1 

20 

Entire side for 15 minutes 
week at 70 cm. 

3 times 

per 

130.9 

24 

24 

0 

21 

Entire side for 15 minutes 
week at 70 cm. 

3 times 

per 

87.3 

IS 

20 

+2 

22 

Entire side for 15 minutes 
week at 70 cm. 

3 times 

per 

145.5 

34 

29 

-5 

23 

Entire side for 15 minutes 
week at 70 era. 

3 times 

per 

101.8 

22 

oo 

0 

24 

Entire side for 15 minutes 
week at 70 cm. 

3 times 

per 

145.5 

22 

22 

0 

25 

Entire side for 15 minutes 
week at 70 era. 

3 times 

per 

110.4 

25 


o 
— u 

20 

Entire side for 15 minutes 
week at 70 cm. 

3 times 

per 

145.5 

24 


-1 

27- 

Wound (locally) for 15 minutes 3 times 
per week at 70 cm. 

5S.2 

17 

17 

0 

28’ 

Wound (locally) for 15 minutes 3 times 
per week at 70 cm. 

145.5 

no 

20 


29* 

Wound (locally) for 15 minutes 3 times 
per week at 70 cm. 

101.9 

16 

20 

+4 

•Animal kept In complete darkness except tvlien 

irradiated. 
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ance from the are; by irradiating the whole left side of the animal or 
just the M^onnd (local irradiation), by keeping some of the animals in 
complete darkness between irradiations, and by not irradiating some 


The source of radiant energy was a carbon arc lamp burnin- "sun- 
shine” carbons, operated at between 24 and 27 amperes and°with a 
potential drop across tlie arc of 50 to 60 volts. The total eiiei-v 
emitted was 0.475 gm. calories per square centimeter per minute at 
1 J\r. distance, with a percentage distribution of ultraviolet 3, Inminous 
23.5, and infra-red 73.5. 


coararENT 

Table I summarizes the 29 small wound (255 sq. mm.) experiments. 
They can be divided into four groups. In the first three groups tlie 
whole side of the animal was irradiated with progressively increasing 
doses per group, while in the fourth group the exposure ivas limited 
to just the wound (local irradiation), the rest of the body being 
shielded from radiation. Since it seemed possible that the animals 
might be obtaining sufScient radiation between exposures to influence 
the healing time of the wounds, particularly the controls, these ani- 
mals were also kept in complete darkne.ss between treatments. 

In 8 of the 29 experiments the irradiated wound healed more 
quicldj'- and in 8 less quickly than the control, while in 13 fhero was 
no difference. In only one experiiiient (A’^o. 16) was flic acceleration 
in healing rate marked. 

Since the results on the small wounds were indecisive, an attempt 
Avas made, in the second senes, to obtain more definite results by using 
a larger wound (1,256 sq. mm.), thus prolonging the healing time and 
allowing the radiant energy more time to manifest its ctTccts. 

Table II summarizes all of the large u-ound experiments. Irradia- 
tion procedures similar to those for the small avouiuIs of Table I u-erc 
used. One group, hoAvever (Experiments 38 through 45), was given 
more frequent but shorter irradiations to more nearly simulate natu- 
ral radiation. In 10 of the 19 large wound experiments, the irradiated 
wound heated more quickly and in 4 less quickly than the control, 
while in 5 there was no difference. In 2 experiments (A'os. 33 am! 40) 
there Avas a marked and in 2 (Nos. 30 and 31) tlicrc Avns a moderate 
acceleration Avhilc in 1 (A'o. 32) there Avas a moderate retardation in 
the healing rate of the irradiated Avonnd. 

Table III summarizes 5 experiments Avith small wounds nml 7 ex- 
periments AA-ith large Avounds in Avhieh no carbon arc radiation Arcs 
administered. Of the 5 small Avonnd experiments, only I slight dif- 
ference in healing time was noted. Of tlie 7 large wound experiments, 

4 showed a ditTorenee in heiiUnp time, ,'J of AA-hiVb AA-ere hut slipht while 



SWEENEY: CARBON ARC RADIATION AND WOUND HEALING 131 


experiments. Groups 46 through 48 also received the same amount of 
radiant energy locally per unit time and were also kept in the dark 
between treatments to more specifically irradiate the experimental 
wound. Though all three showed positive effects none of the differ- 
ences wei’e marked. 

Table III 

Nonirradiation Experiments 
SMALL wounds LARGE WOUNDS 


EXPERI-- 

MENT 

number 

healing TI5IE IN DAYS 

LEFT RIGHT 

DIFFER' 

ENCE 

EXPERI- 

MENT 

NUMBER 

HEALING TIME IN DAYS 

LEFT EIGHT 

differ- 

ence 

49 

24 

24 

0 

54 

35 

39 

4 

50 

29 

29 

0 

55 

42 

37 

5 

51 

28 

28 

0 

56 

38 

41 

3 

o2 

34 

31 

3 

57 

43 

43 

0 

53 

2T 

27 

0 

58 

28 

28 

0 





59 

29 

29 

0 





60 

46 

55 

9 


The average healing time of the 10 nouirradiated small wounds 
(Table III, left) was 28,1 days,- of the 29 directly irradiated small left 
wounds (experimental) (Table I), 20.9 days; and of the 29 indirectly 
irradiated small right wounds (control) (Table I), 21.7 daj^s. A simi- 
lar comparison of all the large wmunds shows an average healing time 
for the 14 nouirradiated wounds (Table III, right) of 38 days; for 
the 19 directly irradiated left wounds (Table II) of 33.5 days; and 
for the 19 indirectly irradiated right wounds (Table 11) of 35.8 days. 
This indicates a mild acceleration in the healing rate of the wounds 
in the irradiated animals, the indii-eetly irradiated right wounds, 
which received only the general systemic effect, showing relatively less 
acceleration than those directlj'- irradiated. 

SUJIMABA- 

The rate of healing of 60 pairs of experimental wounds in dogs has 
been studied. In 48 of the experiments (29 small, 255 sq. mm.; and 
19 large, 1,256 sq. mm.), the left wound was ii-radiated witli a carbon 
arc lamp. Various amounts of radiant energy were given in different 
groups. In some the entire side of the body, in others only the wound 
was irradiated. Some of the animals were kept in complete darkness 
between irradiations. 

In the 29 small wound experiments, 8 of the irradiated wounds 
showed acceleration, S retardation, and 13 no difference in healing 
rate wlien compared to its control. 

Of tlie 19 large wound experiment-s, 10 showed acceleration, 4 re- 
tardation, and 5 no difference in healing rate when compared to its 
control. 
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the fourth (No. 60) sho-sved a difference of nine days. Tliis difference 
of nine days is exceeded bj* only 3 of the irradiation experiments 
(Nos. 18, 33, and 40) and equalled by 1 (No. 30). 

The variability of the results in all groups makes them difficult to 
evaluate. No one of the irradiation procedures can be selected as 
being definitely superior. Groups 30 through 33 sliowed 3 -well-bene- 
fited -wounds and 1 (No. 32) that was definitely retarded. The same 
amount of radiant energy per unit time, administered loealhv, in 
Groups 34 through 37, showed no difference in healing time in the four 

TiVBLE II 

Large Wound Experiments 
(Left Wound Iriuvdiated, Eight Wound Control) 


z 


u 

a c3 

C3 g 

as 

U Ti. 


IRILVDIATIOX PROCF.nUKE 


30 Entire side for 13 minutes 3 times per 

week at 70 cm. 

31 Entire side for 15 minutes 3 times per 

week at 70 cm. 

32 Entire side for 15 minutes 3 times per 

week at'70 cm. 

33 Entire side for 15 minutes 3 times per 

week at 70 cm. 

34 -Wound (locally) for 15 minutes 3 

times per week at 70 cm. 

35 Wound (locaily) for 15 minutes 3 

times per week at 70 cm. 

36 Wound (locally) for 15 minutes 3 

times per week at 70 cm. 

37 Wound (locally) for 15 minutes 3 

times per week at 70 em. 

38 Wound (locally) for 5 minutes C 

times per week at 70 cm. 

39 Wound (localiy) for ^5 minutes G 

times per week at 70 cm. 

40 Wound (locally) for ^5 minutes G 

times per week at 70 cm._ 

41* Wound (locally) for ^5 minutes 6 

times per week at 70 cm. 

42* Wound (locally) for_5 minutes G 

times per week at 70 cm._ 

43* Wound (locally) for _5 minutes G 

times per week at 70 cm. 

44* Wound (locally) for ^5 minutes G 

times per week at 70 em. 

4;V Wound (locally) for _5 minutes G 

times per week at lO cm. 

46* Wound (locally) for 15 minutes .! 

times per week at 70 cm. ^ 

47* Wound (locally) for _15 minutes .• 

times per iveok at #0 cm. 

4S* AVotind (locally) for 15 miniiies .! 

times fier iveelr .at /Oem. 

■— vWmyri""rir^-7r5;mT.-i.- '.nrKnrss .ir.-t.t wimri 


pi K 

^3 g o . 

5 o ^ 

^ o 
^ 5 w 
K o 

5^ ei 
o Z *»• W 
H W « 


HEAIilNO TI5IE 
IN PAYS 


u 

u 

'A 


145.5 

28 

37 

+9 

174.6 

32 

38 

+() 

232.8 

38 

32 

-6 

1S9.5 

31 

45 

+14 

130.9 

27 

27 

0 

160.0 

29 

29 

0 

174.G 

29 

29 

0 

174.G 

38 

38 

0 

145.5 

30 

35 

-I 

116.4 

28 

33 

i5 

130.9 

35 

40 

+11 

116.4 

2S 

28 

0 

140.C 

31 

33 

s2 

160.1 

38 

41 

j3 

150.4 

39 

31 

-5 

169.S 

46 

43 

-3 

If, 0.1 

.32 

36 

r 1 

189.2 

31 

33 

* '2 

217.1 

10 

II 

; 1 





Editorials 


The Surgical Treatment of Carcinoma of the Breast 


/^NE of the more interesting developments in surgical therapy dur- 
ing the last decade or so is the apparent casualness of many 
operators in regard to the radical removal of the breast in cases of 
carcinoma of that organ. This rather nonchalant attitude varies from 
the performance of, a mere local excision of the malignant tumor 
itself, a simple mastectomy, or a hurried inadequate and incomplete 
dissection of the chest wall and corresponding axilla. When que.stioned 
as to the reason for this relaxation from the rigid technique of meticu- 
lous and radical extirpation of the brea.st and its contiguous structures, 
the various surgeons will make the rather nai've reply that “the op- 
eration is less mutilating and besides radiation therapy will take care 
of local recurrences!'’ The que.stion of the efficacy of pre- or post- 
operative i-adiation therapy in the treatment of malignant tumors of 
the breast has nothing whatever to do with the proper or improper 
•wrc/ical care administered to a patient affected with such a tumor. 
In our present state of knowledge radiation therapy, either deep x-ray 
or radium, although a most important adjunct, does not justify the 
slightest lessening in the thoroughness or the radicalness of the opera- 
tive removal of the malignant breast with its associated .structures of 
tlic peetoi-al and corresponding axillary regions. The diffusion of in- 
formation concerning breast tumors througli the lay press and periodi- 
cals lias made it possible to see these cases at such an early stage of 
the disease that a definite preoperative diagnosis often cannot be 
made, thus never before has the opportunity for the success of the 
surgical cure of Ihis malad3^ been so favorable or opportune. The 
general characteristics and technique of the operation for the radical 
amputation of the breast have been developed over a period approxi- 
mating one hundred jmars and this opeimtion todaj’ ma.v be considered, 
more than almost any other in surger.v, one that is .standardized. 
Years of clinical, pathologic, and surgical research revcaliii" the 


clinical course of this disease, its paths of invasion in the breast and 
its surrounding siructurcs, the location and frequency of its metastase.s 
implantations and recurrences, the method of operating from the 


simplest and most conservative to the most radical removal, have all 
idayed an imimrtant role in the develoinnent of this universallv recog- 
nized surgical procedure. It is certainly one operation ui)on whicdi 
the majority of well-trained, thinking surgeons are in full agreement 
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In 5 small wound experiments in wliieli no carbon are radiation was 
given, onl 3 ^ 1 slight healing time difference was found. In 7 large 
wound nonirradiation experiments, 4 showed slight to moderate dif- 
ferences. 


CONCLUSION 

Carbon arc irradiation, of the tj-pe and dosage used, has but little 
accelerating effect on the healing of clean wounds in the dog. 

This study was suggested to me by Prof. Henry Laurens. 
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subdivide, and acquire a lumen at their expanded distal ends, thus 
giving rise to the systems of ducts and lobules of immature gland 
tissue. With the further development of the latter, the surrounding 
mesoblastic stroma is broken up into the interlobular septa and fibrous 
framework of the corpus mammae. Naturally, the lymphatic vessels 
which develop simultaneously with the gland parenchyma accompanj’- 
the do^vngrowth of the original eetoblastic poudi and thus the deeper 
lymph vessels surround the groups of alveoli as channels that lie 
within the interlobular connective tissue and pass toward the surface 
where they form the rich subai’eolar plexus. The latter also receives 
the collecting stems from the close cutaneous networks that drain the 
integument covering the nipple, areola, and the skin overljdng the 
dome of the breast. In addition to a few trunks that follow the per- 
forating arteries and become afferents of the lymphatic nodes lying 
along the internal mammary artery, all the ljunphatics of the breast 
join to form two or three large trunks that pass from the lower and 
lateral borders of the organ through the subcutaneous tissue toward 
the axilla to empty into the axillary glands. 

It would seem possible that the most important tissue to remove in 
a radical amputation of the breast is the skin. This reasoning is based 
upon the anatomic facts mentioned above. The basin, so to speak, 
which receives the greatest lymph drainage from the breast is the 
subareolar and subcuticular plexus underlying the skin covering the 
dome of the breast. The breast is an appendage of the skin and the 
first spread of carcinomatous cells will be along the lymphatic chan- 
nels toward the subareolar plexus. A resection of skin theoretically 
as extensive and wide as that of the underlying muscle and fascia 
laj^ers Avould be ideal but, of course, impractical; yet the least that 
should be done is the complete removal of the entire skin covering 
the dome of the breast. In addition, the circular incision should be 
extended sufficientlj' to include the newgrowth and not the nipple 
as the center of the circle. The most important bj^ far of the three 
layers of tissue, i.e., skin, fascia, and muscle, is unquestionably the 
skin. Wlien a local recurrence takes place in the skin, it means the 
disease has persisted uninterruptedly since before operation and that 
either the operator did not get beyond it at the time of operation and 
cut through the growth or that the tumor had grown further in the 
skin than he anticipated. In either event his margin in the skin was 
too narrow and the new manifestation of the tumor is merely a per- 
sistence of a growth that was there at the time of operation and not 
a recurrence of the disease at some period following operation. Even 
a cursory examination of the skin incisions used today that Avill allow 
the operator to close the operative defect after removal of the breast 
.show that the amount of skin sacrificed is totally inadequate. In the 
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the world over; aucLj^et, paradoxic as it may seem, this operative pro- 
cedure today is, generally speaking, not carried out or performed ns 
-sveU as it was twenty years ago. One reason for this regression of the 
operative procedure would seem to be due to a total lack of conception 
of the true principles upon rvliieh the surgical attack is based and tlio 
ends it is supposed to attain and/or a lack of technical ability on the 
part of the surgeon. After all the operation is a surface one which, 
because of the low mortality associated with it. may he performed in 
any sort of an offhand, least troublesome manner, the operative field 
being covered, in the majority of instances, with skin flajis which heal 
up promptly and thus conceal all er’idence of a lack of thoroughness 
and incompetence at the time of operation. It would, of course, be 
impossible to prove that a more careful operation, in an individual 
instance, Avould have prevented a local return of tlie disease, but it 
can be stated without reservation that the percentage of local recur- 
rence of this malady is far less in the hands of those surgeons who 
take pride in the perfection of their dissections in these cases. The 
operator should he held responsible only for the postoperative recur- 
rence of the disease within the local limits of the operative field and 
not for remote metastasos. All that can be o-xpectod of such an opera- 
tion is to remove and cure the disease locally and this would seem to he 
the only yardstick by which one can measure the success or failure of 
any surgeon attempting to treat malignant tumors of tlie breast. 

In the reports of postoperative studies published by many different 
observers in this country and abroad, the majority of local recurrences 


folloAAung radical amputation of the breast have taken place at .some 
point within the skin overlying the operative field. When one con- 
siders the embryologic development of the breast, together with the 
arrangement, location, and drainage of the lymphatic capillaries in the 
skin and into the subcuticular lymphatic ple.xus, it is not to be won- 


dered that so many recurrences take place in the .skin. The mammae 
are ectodermal in origin growing from a knoblike thickening of ecio- 
blast of the embryo down into the underlying mcsoblastic tissue. This 
eetoblastic ingrowth repre.sents a .sunken area of integnmeut that in 
principle corresponds to the mareupial pouch of the lowest tnmmnals 
(monotremes). Solid epithelial sprouts grow out from the sides of the 
conical- or flask-shaped epidermal plug and are the first nnlnges of the 
true mammary gland, later becoming the excretory ducts. Suhse- 
quently the central part of the eetoblastic ingrowth undergoes degen- 
eration and destruction, and whnt at first wa.s an ehwat.on nov he- 
comes a dcprc.s.sion of the surface. Prom the middle of thi.s depress d 
area there appears about the time of birth an elevation that Inter 
becomes the nipple. MonmvbiJe, the epithelial <iuet outgrowths pene- 
trate the .surrounding condensed mesoblnsfic stroma, iiierease in lerigtti, 
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nificaiice of tliis accidental discovery is that such blood can he con- 
served ivithout the addition of an anticoagulant. Under aseptic pre- 
cautions from 2 to 3.5 liters of blood is obtained from the jugular 
veins of each cadaver and after necessary bacteriologic and serologic 
tests have been done, the blood is hermetically sealed and stored at a 
temperature not greater than 4° C. Because fragility of the red blood 
cells Avith subsequent hemol 5 'Sis increases markedlj’- after the tenth 
clajq it is rarely used after this period. 

According to these ini^estigators, experience in oi^er 1,000 cases has 
demonstrated that these transfusions can be done with comparative 
safety. The Russian advocates further claim that in addition to its 
economic advantages emergency transfusions can ahvays be easily 
and quickly performed. HoweA’er, it is of interest that thej’’ do not 
adA'ocate replacing present-day methods by this procedure. Further 
analysis of their 1,000 cases reveals the disturbing fact that the in- 
cidence of reactions Avas 21 per cent and fatalities 0.7 per cent. At 
present any method of transfusion Avhieh gives untoAvard reactions in 
over 1 per cent of the e'ases should not be considered sufBcientl 3 ’- de- 
A’eloped for unh’^ersal adoption. "Wliereas such a method ma.v haA^e 
economic adA^antages in SoAuet Russia, at the present time justification 
of -its use here can hardlj’ be considered Avarranted. HoAVCA'er, it 
promises a fruitful field of utilization during Avarfare. 

Whereas in this couutrj’' a somcAAdiat parallel method has been de- 
veloped, the blood is obtained from liA'ing donors. The method con- 
sists essentiallj' of AvitlidraAving approximateh' % liter of blood from 
eA'ery suitable patient and Ausiting relatives in the hospital, adding 
citrate solution as an anticoagulant, and after proper serologic and 
bacteriologic examinations “depositing” it in the “blood bank.” 
WithdraAvals are then made against each “Avard account” as the 
ueeessitA' arises. Whereas the transfusion of conserved blood maj-^ be 
considered justifiable and therapcuticalU' adA’antageoiis in large chari- 
table institutions, such a method, because of its departure from the 
pliA’siologie ideal, can never displace the transfusion of unmodified 
blood. 

— Michael DcBakcy, M.D. 

Xew Orleans, La. 
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line of the incision above and below the tnmov the elliptical area of 
skin removed is perhaps sufficient; bnt on the. sides, in order to bring 
the skin flaps togetlier, the margin is far too small. The great fre- 
quency of the postoperative oiit-eroppiug of the disease along the line 
of the incision bears ample witness to this error. 

Emphasis should be laid upon the point that the layer of skin is the 
most vital to the ultimate success or lack of it following radical ampu- 
tation of the breast for a malignant tumor, and further that this layer 
of integument should be I'emoved thoroughly and radically witliout 
the slightest regard by the opei-ator for closure. The remaining defect 
can be covered by skin grafts either at the time of operation with 
Thiersch grafts, or, in the event that the opei'ator is not aeqiminted 
with the technique of cutting these, small Revenolin grafts may be 
placed upon the granulating wound .some days later. The importance 
of a wide excision of the skin has never been sufficiently emphasized, 
although Halsted taught and wrote about this feature continuously 
during his lifetime. It is important to realize that the skin cannot 
be thought of as an outer garment existing merely to cloak the opera- 
tive field and to be cut accordingly in order to fit as perfectly as 
possible; but on the contrary it must be regarded as a dangerous 
infested maze of potential di.sea.se to be got rid of with no thoughts 
of closure or cosmetic results. Lack of patience to learn how or to 
perform a meticulous dissection in the execution of a radical extirpa- 
tion of the breast, speed in operating because of the fceli?)g that to 
be slow and careful is to be considered somewhat less dexterous, and 
finally being concerned about short postoperative hospitaliziifion, avail 
patients very little solace when the one chance tliey had to bo rid 
of their disease has been sacrificed because of ignorance or earele.ss- 
ne.ss or both. 

— ^yiUia1)l F. FIciihoff, Jr. 


“Canned” Blood Transfusion 

T here is probably no other place in the world today where blood 
transfusion is being more extensively studied than in Soviet Russia. 
Prom these intensive investigations there iias recently cmci-gcd the 
practice of transfn.sing .stored cadaver blood. \VIicreas prcv.ousl> 
blood from all healthy “donors” was employed, more recently , has 
been found that the more suitable cadavers are those of persons d.unf. 
suddenly; for e.va.nple. as a res.dt of coronary thrombosis, e cc ro- 
cation, cerebral hemorrhage, or trafhc accidents. T us is i uc 
curious but unexplainable phenomenon that, whereas sue i lo t 
rapidly coagulates if removed in the first few hours after (h-ath. m 
from one-half to one and onc-balf hours it “drs'ignlafcs '■’T' 

posedly nndcr^'oing libriiudysis and remains tliiid. The practical siv- 
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the different parts of the prostate is ImoAvn. Tlie knowledge of these 
effects might be helpful in, judging the benefits to be derived from hor- 
monal therapy in prostatie hypertrophy. 

A definite pituitary hypertrophy follows castration. Korenchevsky 
and coworkers and McCullagh and Walsh found that injections of male 
hormone restored the prostate to normal but did not control the pituitary 
hypertrophy in castrates. The latter investigators also found that if a 
castrated and a normal animal, usually the I’at, were joined in para- 
biosis, and if then a testicular mush was injected into the castrated 
partner, pituitary activitj'- was controlled and one did not find prostatic 
enlargement in the normal animal. In control experiments where a 
castrated rat was united in parabiosis with a normal animal, prostatic 
hypertroph3% as determined by glandular weight, resulted in the nor- 
mal partner (MeCuUagh and Walsh). From these and other experi- 
ments, McCullagh and coworkers evolved the hj'pothesis that the internal 
secretion of the testis is of a dual nature. One substance extracted by 
organic solvent and believed to have its origin in the interstitial tissue 
is called androtin ; the other substance, which is water soluble and sup- 
posed to be secreted by the cells of the seminiferous tubules, has the 
properties of an inhibiting chalone and is called inhibin. 

The results of Lower and others suggest that the injection of tlie lipid- 
soluble fraction of the testis into a normal rat causes hj'pertrophj’- of 
the prostate, while the injection of the water-soluble extract causes 
atrophj’^ of the gland. 

THE EFFECT OF THE PITUITARY GLAND ON THE TESTIS AND PROSTATE 

Following hj^pophysectomj'^ there is atrophj^ of the testis and acces- 
sory sex glands which can be complete^ repaired bj' reimplantation or 
injection of pituitarj^ substance (Smith and Engle, Evans and Simp- 
son). Adequate doses of male sex hormone will prevent atrophj^ of the 
aceessorj^ sexual organs in hj'pophj’sectomized as well as in castrated 
rats (klcCullagh and Walsh, Zuckerman and Parkes). Urinary andro- 
gens will maintain the normal appearance of the testis in h.ypoph.v- 
sectomized rats ; pituitarj- extracts, the pituitaiy-like hormones from the 
nriuc and yeast, will do the same thing. If there is alreadj- atrophj’ of 
the rat testis following hypoph.vsectony, urinaiy androgens will not 
repair this degeneration; howevei’, pituitaiy extracts wiU restore the 
appearance of the atrophic gonad to normal (hlartins and Rocha, Hisaw, 
Nelson, Leonard, IMcCuUagh). 

Prom the i-esults of injecting anterior pituitaiy-likc substance and 
parabiosis experiments, it is known that pituitaiy h.yperfunction ma.v 
cause prostatic liypevlrophy (McCullagh and Walsh). The best em- 
dence of pituitary Ityperfunction that is Icnown to date is the presence 
of the gonadotropic hormone in the urine. There are at least six sources 
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mones lias often been more confusing tJian enliglifening. Tiie fiest step 
ni the elucidation of this relationship is tlie separation of the component 
hormones. 

1. Testicular lIonnones.~\Ylu\e Berthold in 1849 demonstrated that 
the testis had an internal secretion, it ■was not until 1927 tliat the first 
successful extraction of a hormone from testicular tissue ivas iierformcd 
(McGee). Butenandt in 1931 crystallized the male hormone, andro- 
sterone, from human urine; in 1934, Kuzicka synthesized androsterone 
from cholesterol. Anotlier male hormone, testosterone, n-as prepared 
from fresh testicular tissue by Laqueur and coworkers in 1935; this 
same substance and others with androgenic activity have been svnthet- 
ieally prepared. It is known that the chemical and experimental prop- 
erties of testosterone and androsterone are dift’erent. The number and 
specific nature of other male hormones arc unlcnown. (Sec reviews of 
Koch and of Jloore and Price.) 

2. Hypophyseal JJormoues.—From Die work of Aschheim and Zon- 
dek, Smith and Engle, Evans and others, at least two gonadotropic hor- 
mones of pituitary origin are known. One causes maturation of the 
ovarian follicle,, with the resultant production of the ovarian hormone, 
thcelin, which prepares the uterine mucosa for the reception of the 
o\'um. The other causes luteinizafion of the remains of the ruptured 
ovarian follicle, the corpus luteum, which in turn secretes a hormone, 
progestin, causing growth of the fertilized ovum, decidual and placental 
formation. In pregnancy, a hormone, ])rolnn, closely resembling the 
second gonadotropic hormone of the pituitary, is secreted in the urine 
together with thcelin. 

In Die male rat, Ilisaw and others found that the follicle stimulating 
hoi-mone stirred proliferation of the germinal epithelium alone, while the 
luteinizing hormone acted in the interstitial cells and caused enlarge- 
ment of the aeccssoiy .sex organ.s, apparently through the male .sex hor- 
mone secreted by the hypertrophied intei'stitial tissue. The enlarge- 
ment was intensified by the simultaneous action of the tuo hoiiuoucs. 
Recently Evans and his as-soeiates de.scrihed the .separation of a third 
gonadotropic hormone which stinuilates the Lcydig celts of the testis. 
The importance of this iiossible hormone in explaining hypertrophy oi 
the prostate will be discussed later. 

S. Prosfate.~No definite pro.static hormones have been isolated. 

EFI’KCT or HOKMOXF. OX THE I‘ROST.lTE .^Xf) THE HVEOrUVSIS 

Castrates have underdeveloped prostatc.s; to bring about mn.vima? r-- 
duction in size of fids gland, ca.stralion must be jiorformed early in ih- 
MacCallnm points out tb.at neither the otrecl of castration on tie- difier- 
ent lobes of the jirosfate and the acce-ssory periurethral, .sube. rvic.il, or 
trigonal nlands. nor the efTcct of the infenial seenuion of the fciti'- on 
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the different parts of the prostate is Imovni. The knowledge of these 
effects might he helpful in judging the benefits to be derived from hor- 
monal therapy in prostatic hypertrophy. 

A definite pituitary hypertrophy follows castration. Korenchevsky 
and coworkers and McCullagh and Walsh found that injections of male 
hormone restored the prostate to normal but did not control the pituitary 
hypertrophj’^ in castrates. The latter investigators also found that if i 
castrated and a normal animal, usually the rat, were joined in para- 
biosis, and if then a testicular mush was injected into the castrated 
partner, pituitaiy activity was controlled and one did not find prostatic 
enlargement in the normal animal. In control experiments vdiere a 
castrated rat was united in parabiosis with a normal animal, prostatie 
hypertrophy, as determined bj'^ glandular weight, resulted in the nor- 
mal partner (McCullagh and Walsh). From these and other experi- 
ments, kleCullagh and eoworkers evolved the hypothesis that the internal 
secretion of the testis is of a dual nature. One substance extracted by 
organic solvent and believed to have its origin in the interstitial tissue 
is called androtin ; the other substance, which is water soluble and sup- 
posed to be secreted by the cells of the seminiferous tubules, has the 
properties of an inhibiting chalone and is called inhibin. 

The results of Lower and others suggest that the injection of the lipid- 
soluble fraction of the testis into a normal rat causes hypertrophy of 
the prostate, while the injection of the water-soluble cxti’act causes 
atrophy of the gland. 

THE EFFECT OF THE PITUITARY GLAND ON THE TESTIS AND PROSTATE 

Following lij’^pophysectoiny there is atrophj' of the testis and acces- 
sorj^ sex glands which can be completely repaired by reimplantation or 
injection of pituitary substance (Smith and Engle, Evans and Simp- 
son). Adequate doses of male sex hormone will prevent atrophj of the 
accessory sexual organs in hypophysectomized as well as in castrated 
rats (McCullagh and Walsh, Zuckerman and Parkes). Urmary andro- 
gens will maintain the normal appearance of the testis in hj pophy- 
seetomized rats ; pituitaiy extracts, the pituitary-like hormones from the 
urine and yeast, will do the same thuig. If there is already atrophy of 
the rat testis following hj^pophysectomy, urinary androgens will not 
repair this degeneration ; however, pituitaiy extracts will restore the 
appearance of the atrophic gonad to normal (Martins and Rocha, Hi-saw, 
Nelson, Leonard, IMcCullagh). 

From the results of injecting anterior pituitary-like substance and 
parabiosis experiments, it is known that pituitary hyperfunction may 
cause prostatie hypertrojiliy (SlcCullagh and Walsh). The best evi- 
dence of jiituitary hyjierfunction that is known to date is the presence 
of tile gonadotropic hormone in the urine. There are at least six sources 
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of gonadotropic hormone: (1) the anterior lobe of the pituitary; (2) 
prolan or the anterior pituitary-like substance of pregnancy urine- (3) 
urine of men with testicular tumors (Asehheim and Zondek, Ferguson, 
and Hinman); (4) the urine of male castrates; (5) urine of some 
erj^ptorchids (Hess and othei-s) ; and (6) urine of some normal men 
(cyclic) (Harris and Brand). Wliether these hormones are one and the 
same has been debated (see Hinman ’s review). 

Castrates, although showing gonadotropic substance in the urine, do 
not have prostatic hj^iertrophj^ as there is no testicular tissue to act as 
an intei’mediary. The question arises: Do patients ivith malignancy of 
the testis with gonadotropic hormones in the urine have enlargement of 
the prostate? Teems found three cases of interstitial cell tumor of the 
testis associated with either noi-mal or atrophic prostatic gland and a 
case of carcinoma of the “genitaloid” cells of the testis accompanied by 
practicall3’' an absence of interstitial cells in a man sixty-five j^ears of 
age with a hj^pertrophied prostate. There is no mention of the pres- 
ence or absence of gonadotropic substance in the urine of these patients. 
Ferguson in 1933, in a study of 117 cases of teratoma testis, noted dif- 
fuse enlargement of the prostate of seminal vesicles accompanied by 
hj^perplasia of the interstitial cells of the opposite testicle, vaiying in 
degree with the amounts of anterior pituitaiy-like substance recovered 
from the urine. As Geseliiclrter points out, however, clinical hj^pei'- 
trophy of the prostate is usuallj’^ focal rather than diffuse; therefore, it 
cannot be assumed that hormonal control of normal and of pathologic 
growths are identical. Greulich and Burford report three cases of tes- 
ticular tumors in crj-ptorchid dogs associated witli prostatic metaplasia, 
mammary and other sex changes. In this connection it would be inter- 
esting to know if hypertrophj" of the prostate ever occurs in old un- 
treated cases of bilateral cryptorchidism. There is no series mentioning 
this in the available literature. Braasch states that in cryptorcliidisni 
there is rarely an accompanying enlargement of the prostate gland. 

EFFECT OF THEELTN ON THE PROSTATE 

The injection of theelin into animals causes metaplasia and kera- 
tinization of the epitheliimi of the utricle of the prostate, enlargwncnt 
of the prostate due to increase of the stroma, and increase in size o 
seminal vesicles (Jloore and Price, De Jongh, Zuckeman and Parke.s, 
and MacCalluin). These effects can be neutralized by the injection oi 
the male sex hormones (Wells, Zuekerman and Parkes, and Dc Jong > ■ 

The urine of noi-mal men contains theelin (or a thcelin-likc substance; 
and male hormones; however, the variations in the amounts of these tiso 
substances in the urine under normal and pathologic conditions is m 
little loiown. Improper balanee between the male and female sex lor 
mones has been the basis for one theory of prostntic liyporl rop ij 
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(Laqueur), as well as a possible explanation for the etiology of pros- 
tatic cancer. This latter statement gets some support from our knowl- 
edge of the effect of ovarian hormone on breast tumors. 

SOURCES OF THE MALE AND PITUITARY HORMONES : HISTOLOGIC EVIDENCE 

1. Male Hormones . — The Leydig cells of the testis are considered to be 
the source of the male hormone. This inference is made from observa- 
tions on the cryptorehid testis, the testis treated by x-ray, and atrophic 
and hypertrophied testis. In the undeseended testis the seminiferous 
tubules are atrophic, the Sertoli cells are distended with fat, while the 
cells of Leydig are normal or hj'pertrophied. The secondary sex char- 
acteristics develop normal^ in most bilateral cryptorchids. Similarly 
in the testis treated by x-ray therapy, the Sertoli cells and interstitial 
cells of Leydig remain normal, although the Sertoli cells may be fat- 
ladened. Hanes found the Sertoli cells to be constantly present in the 
atrophic testis and could not be sure whether they or the Leydig cells 
were the hormone-producing cells. However, since compensatory hyper- 
trophy occurs in the Leydig cells when one testis has been removed and 
not in the Sertoli cells, he believed that the Leydig cells probably pro- 
duce the secretion. Since both types of cells are usually present under 
niost pathologic conditions, the exact role of each has not been ascer- 
tained (Oslund). It is possible that both have an internal secretion. 

McCullagh believes that the male sex hormone, androtin, is compar- 
able to theelin, but MaeCaUum believes that the watery extract of the 
germinal epithelium, inhibin, is more analogous to theelin, since andro- 
tin cannot cut short the excessive secretion of the hypophysis. Mac- 
CaUum makes a further interesting suggestion : while inhibin restores 
the hypophj^sis to quiescence or stops or diminishes the production of 
gametoldnetic hormone, it seems that this quiescence must also stop a 
second and different gonadotropic hormone which, like that which stirs 
the formation of the corpus luteum in the female with the production 
of progestin, stirs the interstitial cells of the testis to produce lipoid- 
soluble male hormone causing hypertrophy of the prostate. It seems 
unpoi'tant to recognize such a second gonadotropic hormone in the male 
comparable to the luleinization gonadotropie of the female and to note 
evidences of its formation in the cells of the hypophysis in cases of 
prostatic hypertrophy (MacCallum). 

2. Pitnitanj Hormones . — One gonad-stimulating liormone seems to 
come from the ba.sophilic cells of the hj-pophysis. In castrates or 
ciyptorchids these cells increase in number, swell, and become vacuo- 
lated. These changes can be reversed by the injection of theelin, waterv 
extracts of the testis, but not by the male se.x hormone or sjmthetic 
testicular hormone (j\rartins and Rocha, Nelson, JlcCullagh, and Leon- 
ard and Hisaw). The exact origin of the second gonadotropic hormone 
from the Jiypoph.vsis is not clear. The large, slightly eosinophilic preg- 
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nancj cells of iirdheim and Stumme have been suggested as the source, 
as these cells appear during tlie time progestin is liberated (JlacCal- 
liim). Wliether tliere are cells in tlie h.ypoph.rsis of tlie male resem- 
bling those in pregnant females is unlaiown. The recent work of Evans 
and others describing a third gonadotropic hormone whicl! stimulates 
the Lej'dig cells of the testis increases the field of speculation. Cer- 
tainly our Imowledge of the physiology of the pituitary hormones is 
greater than that of their anatomic sources. 

THEORIES OE ETIOLOGY OF PROSTATIC HYPERTROPHY OH HORMONAL BASIS 

Prom their experimental work, Lower, Engel, and McCulIagh postu- 
lated a theory for the cause of prostatic hypertrophy. They believed 
that the gonadotropic hormone of the anterior lobe of the pituitary 
gland would overstimulate the secretion of androtin unless held iii 
cheek; normally the spermatogenie cells are supposed to secrete enough 
inhibin to prevent excessive secretion of the pituitaiy hormone. With 
degenerative changes or decreased function of the spermatogenie cells, 
as in old age, there would be a supposed reduction in the amount of 
inhibin to such a degree that the functional activity of the pituitary 
gland would be unrestricted. As a result, excessive male hormone would 
be secreted and prostatie hj'perplasia would develop. The Cleveland 
clinicians cited a series of seventy-six cases of prostatic hypertrophy 
which were treated by the oral administration of desiccated testicular 
substance; 63.1 per cent of these patients were subjectively improved. 

In none was there any demonstrable change in the size of the prostate. 

It will be noted that it was the whole testicular substance and not the 
water-soluble fraction (inhibin) Avliich Avas used in this study. 

While the above hypothesis is noA-el and provocatiA'c of thought, it 
has been criticized in that: (1) conclusions Avere draAim from the results 
of too few animal experiments; (2) impure substances Ai’cre used; and 
(3) the histologic evidence is uncoiiAuncing in regard to tlie relative 
functional capacity of the interstitial and tubular tissues of tbo testis 
in prostatic hj’pertrophy. Teems found that not infrequently a good 
state of presei'Amtion of the seminiferous tubules and spermatogenesis is 
encoiuitered betAAmen the ages of forty and eighty-nine jeais. Also, ho 
found that there is a steady decrease in the number of interstitial cells 
in the later decades of life. Braascli believes that the absence of any 
convincing morphologic evidence of increased fiuietion of the infersliiia) 
cells or diminished function in the tubules during the period of prostatic 
hypertrophy gives only negatiA-e eA-idcnce as to their functional capacif.A 
in the secretion of autacoids. 

It would ho difficult to try to explain by the above theory the absence 
of hvpertrophv of the prostate in eases of cryptorchidism or those in 
which the testes are in.iured by x-ray therapy. In such ca.se.s there is a 
lack or diminution in the amount of germinal epithelium and a relative 
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increase in the amount of interstitial tissue, %vhich should be an ideal 
combination for luTiertrophy of the prostate according to Lower, Engel, 
and JIcCullagh’s hypothesis. 

Contrary to the above view, Laqueur believes that in prostatie hyper- 
trophy there is an improper balance between the male and esti’ogenic 
hoi'mones, hence the abnormal changes leading to prostatic hypertrophy. 
Laqueur reported improvement in two-thirds of 133 cases of pi-ostatic 
enlargement treated by male hoi'mone therapy. As Koch points out, 
Iiowever, there have been so few studies on the rate of secretion of male 
and estrogenic hormones in the normal male, much less in cases of pros- 
fatic hj*pertrophy, that tlie whole subject should be considei'ed in the 
e.xperimental stage until more conclusive evidence is obtained. Hamil- 
ton, Heslin, and Gilbert found that in a series of nine men witli a slight 
amount of residual urine, nocturia, and other sequelae induced by pi’os- 
latie hypertrophy, there was no intensification of the SATUptoms upon 
prolonged treatment with estrogenic substances (500 to 1,500 I.U. theclin 
in oil over a period of twenty-six days). Furthermore the good results 
in the treatment of hypertrophy of the prostate by the administration 
of male hormones are hard to explain unless one postulates some anti- 
male hormone effect to be pi-escnt, since male hormones, at least the 
lipid-soluble fraction of the testes, cause liypertrophy of the prostate 
in experimental animals. 

INDIRECT SURGICAL PROCEDURES IN THE TREATMENT OF 
PROSTATIC HYPERTROPHY 

1. Castration . — ^lYhitc in 1S93 found that in castrated dogs there was 
uniformly atrophy of tlie glandular and then of the muscular elements 
of the prostate. Of 111 clinical cases of prostatic hypertrophy treated 
by castration, there was a liigh percentage (87 per cent) showing 
symptomatic improvement as well as clinical and histologic reduction in 
•size of the prostate. However, castration is such drastic treatment that 
it is doubtful if many patients would submit to such a procedure, even 
if it were of proved value in the ti’catmcnt of prostatic hypertrophy, 
lloreovcr, Deming. Jenkins, and van Wagenen found that in rats and 
monkeys tlie submucosal glands in the former and the mucosa of the 
posterior urethra in the latter were not affected by ca.stration. They 
believe that there is no histologic evidence that the action produced by 
castration influences the growth of jirostatic hypertrophy. 

A ro.soliV/rtfToa.— Theoretically one would c.xpect little result on the 
prostate from vasoligation as histologically there is little change in the 
fe.stes by such a ]u-oec(iure (lloorc). lloison .says that clinically divi- 
sion of the vas deferens per sc has no effect on the size or function of 
the prostate. In his review Wolfson found that vasectomy alone was 
worthle.ss in reducing the size of the enlarged prostate.' Hada and 
Gotzl found no change in the dog’s prostate after tving or cuttin- the 
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vas deferens. Tliere is no large series reported in the available litera- 
ture where vasoligation alone has been used in the treatment of pros- 
tatic hypertrophy. It is usually used as a prophylactk procedure 
against epididjunitis when surgery of the prostate is contemplated It 
ivould be interesting to examine the prostates of a large series of men 
who had had vasoligation years before for other reasons and compare 
the size of the gland with that of a group of normal men in the same 
age group. 


S. X-ray Therapy to resfw.— Lower and Johnson from studies on the 
effect of deep x-ray therapj' directed on the lestes of dogs suggested that 
this may be of some value in reducing the size of the prostate. Hmv- 
e^er, MacCalliuh quotes several authors who find tliat the secondary sex 
organs are unchanged after x-ray injury to the testis. 'Since the ger- 
minal epithelium is destroyed by x-ray therapy and the interstitial cells 
remain intact, one would expect, theoretically at least, that irradiation 
of the testis would he of little value in reducing the size of the prostate. 
Observations of such patients over a long period of years would bo neces- 
sary, however, to judge the end-result and the efficacy of this treat- 
ment. Eeeeiitly Geschielrter has reported that in the monlccy prostatic 
hypertrophy, which can be produced by the injection of anterior pitui- 


tarj’'-Iike hormone, can bo inhibited by irradiation of the testis. 


THERAPEUTIC APPROACHES TO THE HORMONAL TREATMENT OF 
PROSTATIC HYPERTROPHY 

It is in the case of prostatic hypertrophy with little urinary fre- 
quenej', occasional nocturia, low urinary residual in the bladder, ami 
normal kidney function that endocrine therapy might do good, es]io- 
cially in a prophylactic sense. The production of experimental cryploj'- 
chidism in such patients by elevating the testis to the inguinal region or 
instead of ligating the vas deferens, the ligation of the vessels of the 
cord to cause testicular atrophy might be of value to attain this end. 
The end-results of x-ray therapy to the testis and vasoligation on pro.s- 
tatic hypertrophy need further clinical investigation. However, the 
difficulty of getting patients to submit to these procedures and the poor 
economy of such measures would make hormonic tlicrapy more feasible 
and desirable. 

According to our present Imowledge, theoretically, sup])rcs.sion of I ho 
male hormone or the anterior pituitary gonad-sfiinulatmg snbslanre 
should tend to prevent enlargement of the prostate. 'Whctlicr tins the- 
ory is correct or how to apply it in the clinical care of prostafic iij-per- 
trophy awaits further investigation. 

It must be remembered in evahmting the results of Ii-calincnl in pios- 
tatic hj-pertropliy tliat 50 per cent of men who develop prosfntic enlarge- 
ment never have obstructive symptoms and in a number who do the 
trouble is temporary (Hiimian). Also, the psychic ofieefs of any tlicr- 
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apy would have to he evaluated. The presenee of infection, adenoma, 
or carcinoma in the prostate would add factors to complicate treatment, 
especially hormonal therapy. Since hypertrophy of the prostate takes 
years to develop, one should observe and probably treat the patient over a 
number of years before drawing conclusions. Certainly further data 
regarding the exact interrelation of the sex hormones will be necessary 
before a rational plan of treatment can be formulated. While one’s 
enthusiasm must be tempered by skepticism, tlie day is possibly not far 
distant when hormonal therapy will supplant surgery in certain eases of 
prostatic hj^Dcrtrophy. 
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EEPORT OP THE PROCEEDINGS OF THE SURGICAL 
CONGRESS AT GOTHENBURG, JUNE 28-30, 1937 

Carl Semb, M.D., and Johan Stang, M.D., Oslo, Norway 

■N^OEDISK Kirurgisk Forening (Nordic Association of Surgeons) held its tvrenty- 

first meeting at Gothenburg from June 28 to 30, 1937, with Professor Sven 
Johansson presiding. 

Three main topics of discussion were on the program: (1) Cancer of the rectum; 
(2) examination of heart and vessels in relation to operation; (3) nonspecific affec- 
tions in the lumbosacral region, 

1. Thv. Eiken, of Aalborg, Denmark, submitted material collected in Denmark 
for the five-year period of 1931 through 1035. It included 1,444 cases, among 
which there were about twice as many men as women. Five per cent were under 
forty years of age, and more than one-half were above si.xty years of age. In more 
than one-half of the cases the localization of the cancer was in the ampulla. 

The extirpation by the sacral route in two stages was recommended as the routine 
method: first, performance of an iliac colostomy; six to eight weeks later, extirpation 
from below by the method of the German surgeon Goetze. 

Sam. Hybhinette, of Stockholm, Sweden, presented his personal material on 
243 cases with 113 radical operations, of which nearly all were abdominoperineal 
and of which 90 wore performed in one stage. IVitli regard to operability, as well as 
to mortality, there was a great difference between the Im.^pital clientele (G5 patients) 
and the private clientele (48 patients). In the group first named the operability 
was 38.4 per cent and the mortality 27.7 per cent, and in the latter group 70.5 
per cent and 8.3 per cent respectively. Tlie private p.oticnts had consulted a physician 
on an average of one-half year before the other patients. The figures, therefore, 
illu.strate the importance of the early diagnosis. In his private clientele 40.4 per 
cent lived for ten years or more after the operation. 

Ho criticized the fact that the cancer statistic.s reckoned with freedom from recur- 
rence from the fifth year, while frequently iiictast:mes to the liver occurred just at 
that time. (Of 8 dcath.s in the fifth yc.-ir after operation, 7 were due to metastasc.s 
to the liver.) 

Elis Berven, of Sloekliolm, Sweden, in the symposium emphasized that the difficulty 
of irradiation trc;itment hiy in the fact that about SO per cent of rectal cancers were 
radioro.sistnnl :uh1 tluit there w:is such :i minimal difTcrenco between the dose which 
had effect on the tumor and that which damaged the normal mucous membrane. 

Anorectal cancer of the squamous cell t\qie in tho fir.«t iii.stance should have 
radiologic trc:itment. In desperate cases roentgenologic treatment shonld be given 
because it effects cessation of lieniorrhnge, secretion, and tene.«mus. 

G. Esbersen, of Thisted, Denmark, laid 22 c.a.«cs of radic;i! operation with no deaths. 
Ho used a personal modilication of the abdominoperineal operation. Tho first stage 
w.-,s made fairly e.vlonsivc with resection of the greater part of the sigmoid flexure. 
To avoid necrosis of the rectum, the superior hemorrhoidal artery was left intact 
Rectum was removed in the second .stage. 
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Electrocardiography rvas indicated in the presence of any case of arrhythmia, with 
the exception of the respiratory one, and it was further an indispensable link in 
every examination for the evaluation of the state of the heart in individuals over 
forty years of age. . 

Torben Geill and J. Foged, of Copenhagen, Denmark, had carried out electro- 
cardiographic examinations on anesthetized patients and had found transient 
myooarditic changes. 

E. Svensgaard, of Copenhagen, Denmark, and Eggert Mpller of Hellerup, Den- 
mark, elucidated the value of the electrocardiogram as compared with the other 
methods of examination carried out in 704 heart patients. 


The anamnesis alone revealed; 
Inspection revealed further: 
Stethoscopy revealed further: 
Electrocardiography revealed further: 
Roentgenologic examination revealed 
further: 


20% of these cases 
4% of these cases 
41% of these cases 
21% of these cases 

14% of these cases 


H. Krieger Lassen, of Copenhagen, Denmark, in addition to electrocardiography 
and roentgenologic examination, had carried out preoperative vital capacity tests. 
He had examined 359 patients. Even if only one of the tests — electrocardiography, 
roentgenologic examination, or vital capacity — deviated from normal, the mortality 
was 4.0 per cent greater than usual. 

J. Poged found that electrocardiography revealed one-third of the latent heart 
diseases and made the operative prognosis safer. In a series of 1,049 patients ho 
had a mortality of 0.50 per cent with normal electrocardiogram and O.S per cent 
with pathologic electrocardiogram. He was of the opinion that with the aid of 
electrocardiography one had arrived at a more accurate indication and a lower post- 
operative mortality. 

H. Brodersen, of Oslo, Norway, had examined 100 operated patients electro- 
cardiographically. In 4S were found pathologic changes; in 52, none. In both 
groups the mortality was equally high. 

He criticized the reviewers becau.se of their failure to classify the electrocardio- 
graphic patients into groups. In his own material he had distinguished between: 
(1) considerable, (2) small, but certain, and (3) uncertain electrocardiographic 
changes. Of the 48 patients with pathologic electrocardiograms, 21 belonged to 
Group 3, and in these no complications had occurred. 

Knud Nicolaysen, of Drammen, Norway, reported electrocardiographic examina- 
tions in 400 operative patients over fifty years of ago, which had revealed 4 cases 
of lieart disease not diagnosed by the clinical examination. He maintained, thoro- 
foro, that it was doubtful also whether electrocardiography would assist in reducing 
the postoi)erative complications. 

Johan Holst, of O.slo, Norway, in a material of 374 cases examined had found 

possibly primary, cardiovascular deaths. In 1 case only, however, was there corrcla- 
lioii between the clinical finding.s before and after the operation and the postmortem 
findings. 

3. In the discussion on uon.-i)ccific alTcctions of the lumbosacral region E. 
ingebrigtsen hn.l dcmonstnilcd in 20 patients (9 women and 11 men) unilateral 
sacralization as a cause of pain in the back. He emphasized that severe pain in 
patients witl. tliis lesion was aiway.s combined with contracture of the sncrospinalis 
mnscic, ns a rule .scoliosis and arthrosis in the articulation between the transverse 
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operation ? recommended aMominoperincal 

Xr ^ir f «>« postoperative deati.s 

aft one-atage operation :n hia cases (5 of 2S) couid have been avoided by operation 

or more stages. SJiocIc by the one-stage operation he attributed to hemor- 
rhage. If hemorrlmge was avoided or if Wood transfusion was given, no severe 
shock was seen. •= > 


G. Petrdn, of Lund, Sweden, had performed radical operation on 134 patients 
njtli cancer of the rectum in the period 1927 to 103G. Of tlicse, SS were operated 
upon penneosacrally witli a mortality of 14 per cent. Forty-si.v wore operated upon 
abdominosacrallj- with a mortality of 40 per cent. In spite of this difference in 
mortality Potrdn recommended the combined operation, because ho holds that the 
great immediate mortality was compensated by tiic very nnicli better late results. 


P. Bull, of Oslo, Norway, had for treatment from 1S97 to 19.37, 159 rectal cancer 
patients in all. Ninety of these were subjected to radical operation, 53 from below 
with a mortality of 7.3 per cent, and 35 combined with a mortality of 22.7 per 
cent. Thirty-one of these 35 were operated upon in two stages with a mortality 
of 13 per cent. The lecturer recommended the combined metliod in two stages^ in the 
first stage, colostom 3 ' onlj-. 


Other statistics were reported b^-Hans Bjerre, and Sv. Bagger, Orebro, Sweden; 
Nyfiaard, Oslo, Norway; E. Key, Stockholm, Sweden; Sven Johansson, 
Oofhenbnrg, Sweden; and S. Spclerlund, Stockholm, Sweden. 


The result of the majority of statistics was a considerablj’ higher mortality b.v 
the abdominoperineal method than the perincosaerni method. A number of 
speakers recommended the centralization of these operations in a few hands. 

2. In the discussion on the second topic Johannes Ipsen, of Sftnderborg, Denmark, 
reported his investigations comprising partli" the licnrt function, partlj- the pcriplioral 
vessels in operative patients. 

In liis reference to peripheral vessels he parlicularl}- dealt with the ciiangcs 
in the skin temperature. The temperature normally rose, when the anesthesia became 
effective, to more than 34° C. and remained constant (Group A). In certain eases 
there was deficient increase (Group B); or a secondary fall occurred during fiio 
anesthesia (Group C). The mortality was much iiighcr slatisticnliy in Groups B 
and C than in Group A. Especially the patients wlio died shortly after the operation 
iiad abnormal charts. He further mentioned that the fall in tlio femporaturo of flic 
feet could be stopped and the temperature made to rise again by intravenous injection 
of gum-saline solution. 


Abraham Troell, of Stockliolm, Sweden, gave an account of examinations of tlie 
heart in 287 thyreotoxic patients. In an abnormal roentgenogram of tlio heart 
and in an abnormal electrocardiogram he found that the operativo mortality was in- 
creased, being three or four times as great as in normal findings. 


Eggert Mpller, of Hellerup, Denmark, as internist reviewer, stre.s..cd the fact 
that there was a great difference in the prognostic iraportanco of the vaaans 
diseases. Aortitis, myocarditis, and coronary sclerosis are fl.e es.=enlm! cau.es 
Operative laortalitv increasing' with risingr ugo, 

EocntgcnoIogic'e.vamination was the .rafest means of deciding " f 

case, an organ^ disease of the heart c.xistcd. This was duo to the fact ti.at the 
dilatation was the first compensator}- step of the damaged heart. 

Tho electrocardiogram was of particular importance in iesmns of the 
Those would bo rovcalecl provided thej-'woro of essential .significance to - I 
operative diagnosis. 
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Electrocardiography was indicated in the presence of any case of arrhythmia, with 
the exception of the respiratory one, and it was further an indispensable link in 
every examination for the evaluation of the state of the heart in individuals ovmr 
forty years of age. . 

Torhen Geill and J. Foged, of Copenhagen, Denmark, had carried out electro- 
cardiographic examinations on anesthetized patients and had found transient 
myocarditis changes. 

E. Svensgaard, of Copenhagen, Denmark, and Eggert Miller of Hellerup, Den- 
mark, elucidated the value of the electrocardiogram as compared with the other 
methods of examination carried out in 704 heart patients. 


The anamnesis alone revealed: 20% of these cases 

Inspection revealed further: 4% of these cases 

Stetlioscopy revealed further: 41% of these cases 

Electrocardiography revealed further: 21% of these cases 

Roentgenologic examination revealed 

further: 14% of these cases 


H. Krieger Lassen, of Copenhagen, Denmark, in addition to electrocardiography 
and roentgenologic examination, had carried out preoperative vital capacity tests. 
Ho had examined 359 patients. Even if only one of the tests — electrocardiography, 
roentgenologic examination, or vital capacity — deviated from normal, the mortality 
was 4.G per cent greater than usual. 

J. Foged found that electrocardiography revealed one-third of the latent heart 
diseases and made the operative prognosis safer. In a series of 1,049 patients he 
had a mortality of 0.30 per cent with normal electrocardiogram and 6.S per cent 
with pathologic electrocardiogram. Ho was of the opinion that with the aid of 
electrocardiography one had arrived at a more accurate indication and a lower post- 
operative mortality. 

H. Brodersen, of Oslo, Norway, had e.xamined 100 operated patients oloctro- 
cardiographically. In 48 wore found pathologic changes; in 52, none. In both 
groups the mortality was equally high. 

Ho criticized the reviewers because of their failure to classify the electrocardio- 
gr.aphic patients into groups. In his own material he had distinguished between: 
(1) considerable, (2) small, but certain, and (3) uncertain electrocardiographic 
changes. Of the 48 patients with pathologic electrocardiograms, 21 belonged to 
Group 3, and in these no complications hud occurred. 

Knud Nicolaysen, of Drammon, Norway, reported electrocardiographic examina- 
tions in 400 operative patient.s over fifty years of age, which had revealed 4 cases 
of heart disease not diagnosed by the clinical examination. Ho maintained, there- 
fore, that it was doubtful also whether electrocardiography would assist in reducing 
tho postoperative complications. 

Johan Holst, of O.slo, Norway, in a material of 374 cases examined had found 
7, po.ssibly primary, cardiovascular deaths. In 1 case only, however, was there corrola- 
tiiiM between tho clinical findings before and after llie operation and the postmortem 
hnding.s. 

3. In the discussion cm nonspecilic atrections of tlic lumbosacral romon E. 
ingebrigtsen had demonstrated in 20 imtieiits (9 women and 11 men) unilateral 
.sacraIiz:iiioa as a cause of p:iin in the hack. He emphasized that severe pain in 
patients with this lesion was always combined with contracture of tho sncrospinalis 
muscle, ns a rule s.-oliosis and nrtl.rosis in tho articulation between tho transverse 
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K Ihgebngtsen, of Oslo, Norway, principally recommended abdominoperineal 
operation m one stage. He was of the opinion that none of the postoperative deaths 
after one-stage operation in his cases (5 of 28) could have been avoided by operation 
in two or more stages. Shock by the one-stage operation he attributed to hemor- 
rhage. H hemorrhage was avoided or if blood transfusion was given, no severe 
shock was seen. 


G. Petrdn, of Lund, Sweden, had performed radical operation on 134 patients 
with cancer of the rectum in the period 1927 to 193G. Of these, SS were operated 
upon penneosacrally with a mortality of 14 per cent. Porty-si.x were operated upon 
abdominosacrally with a mortality of 46 per cent. In spito of this differonco in 
mortality Petren recommended the combined operation, because ho holds that the 
great immediate mortality was compen.sated by the very much better late results. 

P. Bull, of Oslo, Norway, had for treatment from 18.07 to 1937, 159 rectal cancer 
patients in all. Ninety of these were subjected to radical operation, 53 from below 
with a mortality of 7.3 per cent, and 35 combined with a mortality of 22.7 per 
cent. Thirty-one of these 35 were operated upon in two stages with a mortality 
of 13 per cent. The lecturer recommended the combined method in two stages; in the 
first stage, colostomy only. 

Other statistics were reported by Hans Bjerre, and Sv. Bagger, Orobro, Sweden; 
K. K. Nygaard, Oslo, Norivaj-; E. Key, Stockholm, Sweden; Sven Johansson, 
Gothenburg, Sweden; and S. Spderlund, Stockholm, Sweden. 


The result of the majority of statistics was a considerably higher mortality by 
the abdominoperineal method than by the perincosacral method. A number of 
speakers recommended the centralization of these operations in a few hands. 

2. In the discussion on the second topic Johannes Ipsen, of Sdndcrborg, Denmark, 
reported his investigations comprising partly the heart function, partly the peripheral 
vessels in operative patients. 

In his reference to peripheral vessels he particularly dealt with the changes 
in the skin temperature. The temperature normally rose, when the anesthesia became 
effective, to more than 34° C. and remained constant (Group A). In certain casc.s 
there was deficient increase (Group B); or a secondary fall occurred during the 
anesthesia (Group C). The mortality was much higher statistically in Groups B 
and C than in Group A. Especially the patients who died shortly after the operation 
had abnormal charts. He further mentioned that the fall in the temperature of the 
fMt could be stopped and the temperature made to rise again by intravenous injection 
of gum-saline solution. 


Abraham Troell, of Stockholm, Sweden, gave an account of c.vnminntions of the 
heart in 287 thyreotoxic patients. In an abnormal roentgenogram of the heart 
and in an abnormal electrocardiogram lie found that the operative mortality was in- 
creased, being three or four times as great as in normal findings. 

Eggert MffUer, of Hellerup, Denmark, ns internist reviewer, stres.=ed the fact 
that there was a great difference in the prognostic importance of the rariou. 
"ait aLL, ',-..art«l,, aad ca™,a,- .ai™!. aaa .ha fa, 

operative mortality increasing with rising age. 

Roentgenologic e.xamination was the safest means of dcci „ 

case, an organic disease of the heart existed. This was due to the fact that 
dilatation was the first compensatory stop of the damaged heart. 

Tlie electrocardiogram was of particular importance in lesions of 
Those would be revealed prorided they- were of es.senl.nl significance to the prt, 

operative diagnosis. 
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Carl Somb, ol' OhIo, Norway, discussed clinical aspocls of thu liiinliosiicral 
lesions, parliculiirly tlio sympl.oni of nidialiiifr pain, wliicli was uti oxpiossiou of 
reflex iiournlgia and wliicli had firoat. diannoslic valno. In (he jiroseniio of lesions 
of tho liinihar coh/nin riuVmtiuf; pain oaciirrod in tlio imlorior purl, of (ho faiiiiir cor- 
responding to tho lumbar segmenfs. In lower lesions, iliosaeral lesions for 
oxainplo, radiation to tho posterior side of tho femur and (uns was usual. fl'Iie 
necessity for cooperation with tho neurologists was om|)hasized. 

In two cases of bilateral sacralization .Send) had porformed a tlxation or arthrodesis 
bctwcon the transverse process and nmssa lateralis by a grafted pioco of tho iliac 
crest. 'J'lio patients became symjjt.om free. 

In two cases of painful articulation between the siiinous tirociissos of 
(he himbosncrnl region he had carried out resection of the sjiinons i.rocosses with 
good results. 

Nils Sllfvorslclfiltl, of .Stochholm, .Sweden, di.scussed the importance of (he 
.shape of tho sacrum based on 100 sltoloton studios. With regard to tho treatment 
of tho sacralization and tho H(jondylolistliesis, ho strongly recommended conserva- 
tive treatment. Tho se(|ncno.o of the t.hora]>eutic measures sliould be as follows: 
(1) ordinary rdgimo; (fl) cast and e.vorciso therapy; (,'!) operation. 

As a mipporUnp bandage in these lesions, he used a phwUir cast for three to six 
wcelt,s, then careful exorcise thorai)y. The groat majority of juitients got rid of 
their symptom.s by this treatment. Only as ultimate refuge should operation be 
resorted to. 


Fr. Eoschcr, of Arondal, Norway, reported two cases of liihiteral sacralization 
treated with resection of tho transverse proconHCn, j-esulting in cure. 

Hlnd.ahl, of Donmarh, also stressed tho fact that conservative treatment should 
bo tried in the first instance. In the presence of unilaternl sacralization he jire- 
forred to carry out a fusion o/icration. lie used Ilibbs’ methoil of spondylolisthcsiM. 

A number of different pajicrs were presented, in addition to the topics of discussion 
mentioned in tlio program. 

John Hollstrpm, of Htocldiolm, .Sweden, gave a juiper on tho inciilence of 
persisting discomfort after cholecystectomy, which was bnseil on operated 

cases of cholelithiasis or cholecystitis. FolJow-np examinations had been carried 
out in 1,011 patients, of which only .'12.1 per cent were completely free of nyinp- 
toms. Biliary colic persisted in 2H.I> per coni, and gaslroinle.stinnl discomforts in 
Ii2.2 per cent. In women such discomforts persisted to a much greater extent than in 
men. Among (hose who had biliary colic after (he operation wore found ft cases of 
common duct stone, necessitating another operation. .Some of (he gastrointestinal 
symptoms worn explained by (he achylia. The incidence of persistent discomfort was 
much le.“H in patients who were operated iij.on after the first altnelc. 

K. K. Nygaard, of Oslo, Norway, mentioned the po.steholecystcctomy syndrome 
and the postoperative strictures of tho biliary duct. Be dreiv attention to (he in- 
vestigations carried out by Walters, which demonsi rated that morphine and pantoimn 
caused a spasm in the sphincter of Oddi with re.sultant pain, while nmvl nitrile and 
glyceryl-trinitrate relaxed the sjinsm. 

Ph. S.andblom, of J^rebro, Hwedeii, had carried out iave.stigalions regarding 
.Montprollt ’s cholecystojejiinostomy, and he had found (hat (his method was in- 
ferior to the gastrocholccyslo'-tomy. 


sturo Bpdf.n, of h'tocl.holm, .Sweden, had made a 
dominal window" .“ludies, and with the aid of a coh,r 


number of interesting "ali- 
flltn demonstrated the effect 
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The pre euce of unilateral sacralization witliout sj-nipton.s was found more frequently 
in men than in women. ‘ 

The indication for treatment should be that no other demonstrable cause of 
pain 11 ns present. Further, the symptoms ought to be so severe that the patient 
was unab.e to work. Resection of the transverse process then would lead to cure. 


S. A. Brofelt, of Helsingfors, Finland, in a series of 232 cases of low back pain, 
in which were not included polyarthritie and ankylopoetic lesions, had 42 uni- 
lateral sacralizations, 42 spondylolistheses, S spondyloses, G posterior displacements 
of vertebrae, and 29 cases of horizontal sacrum. 

The lecturer discussed the importance of the angle between the sacrum and the 
lumbar column. The 29 cases with horizontal sacrum or sacrum acutum arcuatum 
all had more or less lumbosacral discomfort. The cause of this could be, he con- 
sidered, the strain on the iliolumbar ligament. ’ 

He attached importance to the fixation by operation, including the three lower 
lumbar and the two upper sacral processes. The tibial gi-aft was given a slightly 
angular shape so as to tit better into the lumbosacral curve. Confinement to bed for 
seven to twelve weeks and encasement in a plaster cast for eight to twelve months 
followed. 


Sig. N. Bakke, of Bergen, Norway, as roentgenologic reviewer, reporled on a 
series of 1,14G patients in whom the lumbosacral joints were compared mutually; 
he found asymmetry in 5G per cent. He was of the opinion that this a.symmotry 
played a decisive part, because the strain on asymmetric articulation surfaces causes 
trophostatic changes. By c.xaraination of une.xplicable scolioses in a great number 
of cases were found frontally placed, oblique articulation surfaces in the lumbosacral 
joints on the concave side of the scoliosis. 

In 1,893 patients examined, the reviewer had found 139 (7.3 per cent) with 
unilateral sacralization. The most frequent change in 34 patients with unilaterally 
joined sacralization who suffered pain was oblique position of the vertebra; also 
there was deformity of the lumbosacral joint and finally changes in the intervertebral 
disk. 

He looked upon the cleft in the lateral arch as a prespondylolisthetic condition. 
All of the 19 spondylolisthetic cases of the reviewer had stopped their slipping spon- 
taneously. He also mentioned some cases of pseudospondylolisthesis (slipping in 
spite of the lack of cleft in the lateral arch), and maintained that fhe.«c conditions 
were also dependent upon a defect in the arch, increased lordosis, and degeneration of 
the corresponding intervertebral disk. Further he mentioned briefly posterior slipping 
of the vertebral corpus, spina bifida occulta, hemispondylus, as well as ossification 
and calcification of the'ligamentary apparatus. 


Sten Friberg, of Stockholm, Sweden, had used Albee and Hibb.s’ method for 
operative treatment of spondylisthesis. In 3 cases, however, he had performed 
laparotomy and resection of the intervertebral disk with subsequent grafting of a 
piece of the iliac crest. 


R. Malairos, of Copenhagen, Denmark, reported 7 cases of rupture of the inter- 
vertebral disk. He was of the opinion that this lesion might bo trauma ic, or might 
bo caused bv degeneration of the disk, or by both these factors combined. 

The pain was the predominant symptom, but there occasionally also occiirrc 
myoclonus, tremor and atrophies. 

Examination generally disclosed tenderness over the correspon ^ 
process. Occasional elevation of the .spinal fluid protein occurred. Ordinnr 
roentgenologic examination was negative. The condition could not lO i lagno. 
until a contrast medium was injected into the spinal canal. 
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Johan Holst replied to Perman. If the pleura ivas thin, it ivas not advisable 
to destroy the periosteum because deficient regeneration may cause expansion of 
tlie lung. Resection of the transverse processes was superfluous, and in addition it 
caused extensive scoliosis. 

C. Semb criticized the method used by Perman in that it did not pve concentric 
collapse and that it necessitated needlessly great rib resections with danger o 
paradoxic respiration. 

In his cases with extrafascial apicol 3 'sis Semb had a mortalitj of 3 per cent 
and collapse of the cavity in 90 per cent. 

C. Semb gave a paper on the treatment of persistent cavities after previous 
thoracoplasties. He advised extrafascial apieolysis with resection of ribs correspond- 
ingly and, if necessary, resection of the transverse processes around the up^^ar 
attachment of the apex of the lung in the second stage. The upper periostea e 
were mobilized posteriorly to enable them to collapse together with the apex an to 
fix the latter in its collapsed condition by regeneration of ribs. In 19 operated 
cases he had 1 postoperative death. In all of them except 2 cases collapse was 
obtained as well as freedom from bacilli. 

G. NystrjJm, of Uppsala, Sweden, had experienced infection of the wound ca\’ity 
in 20 per cent when using apicolj’sis, and he asked Semb how to avoid infection. 

C. Semb pointed out that the apieolysis should not be made larger than required, 
tliat badly nourished intercostal musculature over the top of the lung had to be re- 
moved. Drainage, if at all necessary, should be of brief duration (twenty-four 
liours). Preliminary skin treatment for acne was important. In the presence 
of fistulas reoperation had to be carried out with excochleation and primary 
closure, and in some cases resection of the clavicle. 

Seved Ribbing, of Uppsala, Sweden, had found, by histologic and roentgenologic 
examinations of the epiphysis of the lower femur in children from three to nine 
years of ago, free bone islets close to the outline of the epiphysis in manj- cases. 
The loc.alization of those bone nuclei corresponded to the place of predilection for 
osteochondritis dissecans at an older age and was assumed to be the constitutional 
factor in the etiologj' of this lesion. 


0. Aleman, of Stockholm, Sweden, recorded a senes of 91 Junctures o t lo 
navicular bone, of which 79 cases were cross-fractures. Twenty-four of the latter 
were operated upon vvith removal of the smallest, or distal, fragment The results 
of the operations were very good in 20 cases, good in 4 cases, and bad in no cases. 


C. Semb drew attention to a few details of the nailing of fractures of the neck 
of the femur. He had constructed his own splint with a revolving crural attachment, 
which made it possible to obtain an cllectivc inward rotation of the femur. After 
reposition bv skeletal traction on this splint, the operation could be postponed 
until the general condition of the patient was satisfactory. The operation was per- 
formed with the patient in bed, and traction's being continued, by the .Smith- 
Petersen/Johansson method. A sighting nppnrntus of own construction was used. 


Of 101 operated cases subsequent displacement occurred in 4 cases onh-, of which 
the 3 were rcnailed with good results. There were 2 deaths; 1 from apoplexy. 


S. Johan.sson, of Gothenburg. Sweden, maintained that the pronation did not 
plav sucli an important rdlc for the reposition. He himself used Brnun’s splint 
with traction on the tilda. He had operated iiimn ISO patients. The mortality was 
10 per cent; the percentage of cure was 90 to 93 per cent. 
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In He further demonstrated that injection of 
J-p onic saline solution had a better and more lasting effect than peristalsis-incit- 
ing preparations. 


K. K. N-ygaard gave an account of a graphical method for the determination 
of the coagulability of the blood according to a photo-electric principle. A 
transportable coagelgraph constructed by the speaker was demonstrated 


Einar Ljunggren, of Solleftcfi, Sweden, pointed out the similarity in the pyelo- 
gram of cystic pyelitis and of renal tuberculosis. He advised against operation on 
the roentgen diagnosis alone. 


Hans Hellmer, of Lund, Sweden, treated the intravenous urography as a 
morphologic diagnostic procedure, and stressed the importance of carrying out 
increasing compression in order to obtain good pictures of tho renal pelvi.s. Ho 
also recommended the use of softer rays and longer e.Yposure to ensure that the 
ureters appeared clearly. 


C. Crafoord, of Stockholm, Sweden, gave a paper on tho diagnosis and treat- 
ment of the malignant tumors of the lung. He emphasized the importance of the 
roentgenologic examination — the bronchoscopy, and particularly the bronchography. 

0. Semb maintained that the preliminary pneumothorax also belonged to tho 
diagnostic facilities besides presenting advantages with a view to tho subsequent 
operation. Semb treated in more detail three cases of intrathorncio tumors (fibroma 
of the lung, pericardial cyst, cancer of the lung— all removed), which had caused 
considerable diagnostic difBculties. 


Johan Holst had operated upon 3 cases of cancer of the lung. One patient, in 
whom the upper lobe was removed, survived and wn.s free from recurrence two 
years after the intervention. 

Einar Key, of Stockholm, Sweden, mentioned 3 cases of cystic bronchial cavities, 
which had been confused previously with empyema. They had all been lobcc- 
tomized. 


Johan Holst gave a paper on lobectomy for bronchiectasis. He had performed 
12 lobectomies and 1 pneumonectomy, mainly according to the technique of Brunn- 
Shenstone. The lesion was unilateral in 11 cases and bilateral in 1 case. Tlirco 
patients had bronchiectatie cavities nearly the size of hen’s eggs. All patients with 
unilateral lesion recovered— 8 were symptoroless; 2 are still under treatment. 


E. Perman, of Stockholm, Sweden, gave an account of his thoracoplasties. 
He used a method of operation similar to that of Alc.vander-JIaurcr-large curved 
incision round the scapula. The arm on the diseased side was flexed alongside the 
head so as to obtain a less exposed position of the vascular and "on-c pie.vus Largo 
pieces of the ribs were resected, particularly of the fonrtli and flfth ribs with 
Lection of the transverse processes. There was no apicolysi.s. The scapula was 
tipped under the ribs so as to be of service in the compression. He used pamtm 
ndth a solution of 4 per cent formalin in order to prevent regeneration of tie 
periosteum. He had operated upon 40 patients with 2 deaths. All were operated 
upon in t«'o stages. 

Sven Lundberg, of Gothenburg, Sweden, performed his 
avertia anesthesia, in two stages: in the first stage ‘^LheTow 

with resection and apicolysis; three weeks later paravertebral rcscctio _ 

upwards. The three upper ribs were totally removed. Ho spoke again, 
of tho transverse processes. 
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by inhalation, because he feels that in not a few cases it causes a rise in temperature 
which is not attributable to some form of disease. Tiie oral method of intubation 
for intratracheal anesthesia is preferred to the nasal method, because it is felt that 
in the nasal method there may be unnecessarj’ trauma to the turbinates. 

Dr. H. J. Shields, of Toronto, uses nupercaine for spinal anesthesia for upper ab- 
dominal surgical operations, emplojdng the Howard Jones technique. He uses 
procaine in doses of from 250 to 300 mg. for thoracic operations. The total dose of 
procaine is dissolved in 10 to 12 c.c. of spinal fluid. Intravenous infusion is main- 
tained throughout the course of the operation in order to combat any sudden fall in 
blood pressure. Dr. Shields has suggested that 50 c.c. of distilled water be injected 
intravenously in cases of headache following spinal anesthesia or in cases of any 
headache resulting from lumbar puncture. Hfliy this procedure seems to be effective 
is not thoroughly understood. 


keport op the meeting op the pipth international 
CONGRESS OP radiology IN CHICAGO, ILL., 

SEPT. 13-17, 1937 

Leo G. Rigler, M.D., Minneapolis, Minn. 

(From the Department of Fadiology of the Dniversiti; of Minnesota) 

'T'HE fifth congress of radiology of international scope was held in Chicago. 

The difficulty of summarizing the proceedings of a meeting which was held in 
nine sections and during which well over 200 papers were delivered in at least five 
languages can readily be imagined. The session was extraordinary both in its 
size and scope, and in the quality of the papers and exhibits. Only a few of the 
more important matters of general interest can be reported here. 

The Use of the Roentgen Bays in the Diagnosis and Treatment of Tumors of 
the Bladder was presented by George E. Pfahler, of Philadelphia, Pa. He detailed 
his method of pneumocystography as a supplement to cystoscopy. Roentgen study 
after air injection permits better dcterniinatioii of the degree of infiltration of the 
bladder wall, the differentiation of papillomatous from infiltrating forms of car- 
cinoma. Pfahler advocates roentgen therapy for inoperable tumors, reporting oc- 
casional startling cures. Combined intravesical destruction and irradiation is im- 
portant. Cures of two to five years’ duration were reported in 50 per cent of all the 
cn.se.s. 

GSsta rorssoU, of Stockholm, summarized his noteworthy re.scarchcs on The 
E61o of the Autonomous Movements of the Gastrointestinal Mucous Membrane in 
Digestion. He has domoii.st rated that the mucous membrane of the entire g.astro- 
intostinal tract moves independently of the muscle wall. He eiiqdiasized particu- 
larly that in this way recesses arc created which arc of vital importance in the 
digestive proces.scs. 

Carl SandstrBm, of .Stockholm, described the Diagnosis, Pathology, and Roent- 
gen Treatment of Peritendinitis Calcarca, usually called calcifying bur.sitis in 
thi.s country. He reported cases of this tjiie not only in the shoulder but also 
about practically all the joints of the oxtrcmitie.s. .Sttidies of the pathology .show 
clearly that the calcification is .secondary to necrotic changes in the rendons 


Korrlvcd for luibUcation, Nov. 1937. 
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s. Joliansson also demonstrated 3 patients. In the 1 , who liad lost a thiimb 
le had prepared a new one by transplanting a tibial graft in the metacarpal bow 
and surrounding this with skin graft. The result was remarkably good. 

ree^^vfi^^™’ .f demonstration of an extreme ease of 

lecurvatio genu congeaitum, which made a fonr-legged creature of the patient. The 
operation here gave an excellent result u-ith an erect wallc. 


meeting op the ANESTHETISTS’ TRAVEL CLUB, 
MOiNTEEAL AND TORONTO, OCT. 18-23, 1937 
Edward B. Tuohy, M.D., Rochester, Minn. 

(From ihe Mayo Clim'cJ 

yV MEETING of the Anesthetists’ Travel Club was held in Montreal and Toronto; 

three days were spent in each city. Dr. Wesley Bourne, Dr. 0. C. Stewart, and 
Dr. Harold Griffith were the hosts in Alontre.aland they demonstrated the methods 
of anesthesia which they current}}’ use. The intratracheal method of general 
anesthesia, with cyclopropane as the anesthetic agent, is used predominantly. Eor 
certain tj-pes of operations, especially lower abdominal work, basal dosages of 
tribrometliylalcohol (avertin) are used in conjunction u-ifh intratracheal administra- 
tion of cyclopropane and oxygen. 

The agent whicii is most commonly used for spinal anesthesia is nupercaine; a 
1:1500 solution is employed, either by the Etlierington-Wilson or the Howard .Tones 
technique. 

In the former method the patient is in the sitting position while the lumbar 
puncture is being made; and after the contemplated dose of the solution of nuporcaine 
has been calculated, it is injected and the patient is maintained in the sitting position 
for a limited time, usually from fifteen to forty-five seconds, before being placed 
horizontally on the table. The Howard .Tones method consists in performing .spinal 
puncture, preferably witli the patient lying on his side, and Ihe height to which 
anesthesia is to progrc.ss is regulated by tipping the table so that the patient is held 
in varying degrees of the reverse Trendelenburg position. The doses of solution of 
nuporcaine used in this technic, and in the Efherington-Wilson technic, arc ciilcnlated 
on the same basis, the usual amount varying from £) to 15 c.e. 

Dr. Griffith uses cyclopropane for intratrache.al anesthesia in operations on the 
eve car, nose and throat of children; ho employs a silk woven catheter covered 
with rubber. The usual size of the catheters used in work with children varic.s 
from 24 to 30 French. 

In connection with one of the obstetric departments in Jlontreal, it is the practice 
to collect blood from the placent.a at the time of deliverv-. This blood is put in 
sterile containers, using sodium citrate .as the anticoagulant. It is possible to obtain 
between 150 and 300 c.c. of blood in this manner and after the blood has been 
grouped it can be used for transfusions ns is seen fit. It is noteworthy that the blood 
obtained from the placenta contains a great number of red blood corpiiscle.s, fre- 
quently 7,000,000 per cubic cenfimeter. The method of keeping blood in Ihe lee box 
for a limited time, not more than three weeks, also is used. 

Dr. C. H. Bobson, of Toronto, is ernplo.ving intratracheal cyclopropane ariesthesm 
with children, using the woven silk catheter previously mentioned. He is 
opinion that atropine should not bo administered to children prior to nricsl ic.na 
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peritendinous connective tissue, periosteum, joint capsules, and ligaments. Eoent- 
gen ray treatment is highly effective, resulting both in the relief of symptoms and 
the disappearance of the calcium shadows. 


■o, “t 0^ roentgenkymography in diagnosis was presented by 

Pleikart Stumpf, of Munich, the originator of this method. Kjmography has two 
purposes: the fixation for study of movements which can also be observed more 
fleetingly in the fluorosoope; the observation of movements which occur so rap- 
idly that they are not clearly seen on fluoroscopy, or so slowly that they are not 
noticed at all. He described his studies on the movements of the heart, lungs, 
thyroid gland enlargements, the gastrointestinal tract, and the upper urinary 
tract. 


Motion pictures made from the image on the fluoroscopic screen were demon- 
strated by Eussell J. Reynolds, of London, a pioneer in this field. Ho showed 
very effectively, in this way, the motions of swallowing, pulsations of the heart, 
movements of the diaphragms, lungs, and mediastinum. This method of demon- 
strating the movements of the stomach is much less effective under present 
technical conditions because of the short period during which the exposures may 
be made. 


One of the most outstanding events of the Congress was a motion picture 
demonstration of the physiology of the heart in animals presented by Werner 
Boehme, of Eostock, Gormanj', Boehmo first injects the animal with sufficient 
thorotrast to make the entire cardiovascular system, especially the cardiac 
chambers, brilliantly visible on fluoroscopy. Following this a second injection 
of iodized oil is made into the vein. Motion pictures at exceedingly great speeds 
then are made of the fluoroscopic image. The individual chambers of the heart 
can be seen and the droplets of oil are observed passing along the larger veins 
to enter the heart. In this manner many of the problems of cardiac physiology 
may be studied without opening the thorax or injuring the cardiovascular system. 


Nils Westermark, of Stockholm, presented a verj' illuminating paper on 
Bronchial Carcinoma, A Roentgen-Pathological Study. Ho described the roentgen 
findings of very early carcinoma of the bronchus ns a slight degree of localized 
atelectasis followed shortly by a more extensive area of emphysema. Repeated 
examinations will show increasing atelectasis following which bronchography will 
usually reveal a stenosed bronchus. From his studies Westermark believes the 
majority of bronchial carcinomas to originate in the smaller bronchi and to extend 
centrally at a later date. For this reason bronchoscopy may bo inoffcctivo ns a 
diagnostic measure in the very early stages of the tumor. 


The Malignant Bronchial Stenosis, Bronchographlc Aspect presented by Pedro 
L. Parinas, of Havana, Cuba, described his studies using serial bronchography in 
the diagnosis of carcinoma of the bronchus. He nttempts to distinguish between 
benign and malignant tumors of the bronchus and between the various types of 
malignant lesions by the character of the filling defect shown in the bronchogram. 
It is often difficult, however, to distinguish a tuberculous stenosis from a ma ig- 
nant one. The method is of particular vnluo in tho diagnosis of tumors of the 
smaller bronchi in which bronchoscopy is of little value. 

' Ake Akerlund, of Stockholm, presented a review of his work on 
tion in Vertical Cholecystography as an Aid in the Diagnosis of Sma . • 

He described the varving densities of gallbladder bile which cause a " 

tho contrast medium when films arc made with the patient standing. By maKini, 
exposures during fluoroscopic observation, with pressure, in the upright position. 
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he was able to demonstrate small stones which, were invisible in the ordinary 
choleoystograms. The position of the stones in relation to the gallbladder dye 
depends upon their specific gravity as compared to that of the bile and dye 
mixture. In some cases the stones form a layer of lessened density at the very 
tip of the fundus; in other cases they layer themselves in the middle or near the 
superior pole of the gallbladder. A similar study was presented bj"^ Arnold 
Bernstein, of Danzig. He emphasized particularly the demonstration of calcium 
bile in this same manner. 

Adaptability of the Mediastinum to Various Physiological and Pathological 
Conditions was discussed by John Alexander and C. B. Peirce, of Ann Arbor, 
Mich. They described the changes in position and shape of the mediastinal struc- 
tures which follow various normal and pathologic changes in the thorax. 

Cerebral Cystography and Cisternography was presented by Arthur Schueller, 
of Vienna. He described in detail the roentgen findings in a variety of intra- 
cranial cysts, including the evidence derived from ventriculography with direct 
filling of the cysts with air. He also discussed the encephalographic demonstra- 
tion of the changes in the cisternae of the brain which occur from various dis- 
eases. Schueller also advocated the intraspinal injection of iodized oil and the 
filling of the cisternae with the contrast medium by inversion of the patient. 

The Value of Encephalographic Studies Following Head Injuries was presented 
by J. T. Travers of New York, N. Y. He described particularly cases of subdural 
hematoma, intracerebral hemorrhage, and brain atrophy, in which encephalography 
done three weeks or more after the injury clarified the nature of the intracranial 
lesion. 

W. J. Mixter, of Boston, Mass., discussed Rupture of the Intravertebral Disk 
reviewing our present knowledge of this subject and detailing again the diagnostic 
criteria which have been described in previous papers. Harry A. Olin, of Chicago, 
111., described the general involvements of the intervertebral disk from injury or 
disease. He believes the disk may be readily injured by spinal puncture. Olin 
found extrusion of the nucleus pulposus into the vertebral body in 84 per cent of 
50 cases of fracture of the spine. 

Hans H. Berg, of Hamburg, presented his observations on Gas Filling of the 
Bile Ducts. Ho described numerous cases in which gas was demonstrated at the 
biliary duct system by roentgen examination. In one group this was duo to 
internal bilinr 3 ' fistula from a varietj- of causes, chiefl.y the erosion of a gallstone. 
In the second group the gas resulted from infections of the biliarj' tract, cholan- 
gitis with and without abscess. Berg believes that more careful roentgen exam- 
ination of the liver region in cases of undiagnosed abdominal conditions or com- 
plicated hepatic or gallbladder diseases will reveal manj' more of these cn.ses and 
thus afford a clue to the nature of the lesion. 

J. A. Saralegui, of Buenos Aire.s, detailed some more recent observations on 
cholnngiograph.v. Ho advocated a .simple surgical procedure as a first stage op- 
eration in diseases of the gallbladder and biliary s.vstcm; i.e., the insertion of a 
drainage tube into the fundus of the gallbladder. A week or so following, 
thorium dioxide sol (Ihorotrnst 50 per cent) is injected and roentgen studies are 
made. Depending upon the roentgen finding.s, further surgical procedures of a 
more radical nature mny bo undertaken. By means of cholangiography he is able 
to demomstrate practically nil of the normal and abnormal conditions which affect 
the bilinrv duct .“.vstem and the gallbladder. 
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B. E. Young and Michael. Scott, of Philadelphia, Pa., described the use of air 
as a contrast mediuni in the roentgen examination of the spinal cord. While not 
as accurate as iodized oil, it may be helpful in many cases and it does not have 
the deleterious effects attributed to the oil. 

fflie general subjects of epiphyseolysis or separation of the pro.vimal femoral 
epiphysis and aseptic necrosis of this epiphysis were discussed by E. Pomeranz, 
of New lork, N. 1., and A. Herzog, of Czechoslovakia. The former described 
the findings in various stages ba.sed on 380 cases of slipped femoral epiphysis. 
He indicated the varj-ing end-results of this lesion. Herzog related aseptic 
necrosis of the femoral neck to epiphyseolysis. He emphasized the points of 
distinction between aseptic necrosis, tuberculosis, and pyogenic infections and 
brought out that aseptic necrosis of the neck may follow a slipping of the 
epiphysis. 

Carl Wegelius, of Helsingfors, presented data to show that urine is reabsorbed, 
probably from the kidnej' pelves. By roentgenograpliic means, he made volumetric 
determinations of the quantity of urine in the bladder. It appears that healthy 
individuals, whose bladders were greatly distended from drinking water, showed a 
recession in several hours of as much as 60 to 00 c.c. in the volume of the bladder 
without micturition. 


Numerous papers were presented by a number of investigators on the relatively 
new procedure of tomography or planigraphy or Inminngraphy, all of which de- 
tailed the uses of this method of roentgen examination in a varietj- of conditions. 
Essentially these procedures involve the production of roentgenograms which 
exhibit the structures in certain planes of the body with sharp detail while 
blurring out all the structures in all other planes. With a rather comple.x ap- 
paratus, in special instances, considerable improvement in roentgen diagnosis can 
bo obtained. This is particularly true of such deep-seated structures as the 
sphenoid sinuses or in extensive disease of the lung. By the use of "subtrac- 
tion ’ ’ as described by Zeidses Des Plantes, of Utrecht, a similar result is obtained 
bv a different method. The complexity of the procedure, together with the neces- 
sity for using numerous films, has militated against the general acceptance of the 
method. 


Albert Oppenbeimer, of Beirut, discussed Acute Transient Intestinal Atony, 
emphasizing the distention of the colon and even of the small boivel occurriiii; 
during pyelography and renal colic. Ho believes this is duo to inhibitory nervoms 
impulses’ It may occur as an independent transient phenomenon, accompanied 
bv severe colickv pains, spontaneously subsiding in a few days. Ufost com- 
m'only it is secondary to other lesions .such as duodenal nicer, biliary colic, 

mesenteric thrombosis, etc. 


Philipp Sayhoiin and Albert Oppenbeimer also presented now material on the 
roentgen diagnosis of appendicitis. They found stasis in the appendix to be dim 
to degenerative clianges in nerve ganglia vvitU impairment of the pen.staltic ac 
tivitv of the appendix. With these changes there u.simlly occur.s « 1= 
infiltration, probably inflammatory. A peculiar roentgen nppearance " ' ^ j ” 
of semilunnr filling defects, may indicate an inflammatory edema of the mmo.-, 
an acute phase of the appendiceal .stasis. 

The Janouay Becture of the American S'T.vbnvcd 

Douglas Quick, of New York, N. Y., on Carclnom.a of the Larynx ^2' .J 
the history of the treatment of this di.sen.se. He has nlmndoncd m ^ 
trin.sic and e.xtrinsic, but siib.stitiite.s for them carcinom-s of the Unnx f J 
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(intrinsic) and carcinoma of the hypopharjmx (extrinsic). Quick believes that 
the results achieved with high voltage x-rays during the past live years make 
total laryngectomy an obsolete procedure. The most important features of the 
application of radiation therapy are daringly intensive radiation and individu- 
alization of the case. 

Henri Coutard, of Paris, also presented the results of roentgentherapj' of can- 
cer of the larynx after live and ten years of observation. The differences in 
results are much more dependent on the histologic tj-pe than on the extent of the 
lesion. Those of the cutaneous t3’pe, which are highlj^ differentiated and most 
infiltrative, are least responsive, while the epitheliomas of the mucous membrane 
t^Tpe are most readilj’' cured. In the latter, various tj-pes of treatment have been 
successful. In the former, changes in methods of treatment have been of little 
avail. Coutard reported 27 per cent of all his eases treated from 1921 to 1932 
cured for a five-j'ear period. The cures have been maintained, on the whole, for a 
ten-j-ear period. 

Hans Holfelder, of Frankfort, presented a method for evaluating the results of 
radiation therapj-. In general, he reviewed the information such as the nature of 
the tumor, the qualitj" and quantitj' of the irradiation, the method of applica- 
tion, etc., and suggested e.xact methods for recording these data. 

Hermann Holthusen, of Hamburg, reviewed his own well-known work on the 
relationship of the biologic nature of tissues to their reaction to irradiation. 

The League of Nations’ Work on Uniform Statistical Presentation of Results 
in Radiotherapy of Uterine Cancer was presented bj’ James Heyman, of Stock- 
holm. The report of this committee concerned itself with a proper anatomic 
classification of cases, ■u’ith recommendations for proper statistical methods and 
^dth procedures for calculating results. 

Pred Taussig, of St. Louis, advised the u.se of iliac l.vmphadenectomv together 
with irradiation in the treatment of cervical cancer. He reported improved 
results with this method. 

Auguste Gunsett, of Strasbourg, reported his experiments with the u.se of 
520 kv. as compared to 200 kv. x-ra,vs. He is firmly convinced of the .superiorit.v 
of the higher voItage.s. S. G. Mudd, C. K. Emery, and L. M. Levi, of Pasadena, 
Calif., also reported more encouraging results in the treatment of various cancers 
when supervoltage x-ra^’s were emplo\’ed. R. S. Stone, of »San Francisco, Calif., 
discussed his experiments which appear to demonstrate that skin reactions were 
not le.ss with 1000 kv. x-rays than with 200 kv. x-ra.v.s. From the standpoint 
of skin tolerance, super voltage is onl.v of advantage in cxtremelv thick parts 
or when cross-fire is not used. T. Leucutia, of Detroit, Mich., reporting on a com- 
parison of clinical results over a tlirce-.vear period using .100 kv. and 200 kv. 
tlierap.v, found that the higher voltages wore superior onl.v in those cases in which 
the carcinoma is ver\- deep seated or has infiltrated surrounding tissues to a con- 
siderable degree. The outstanding example of this improved response is in the 
frozen pelvis duo to carcinomatous infiltration from carcinoma of the uterine 
cervix. 

Further evidence favoring the fractional method of irradiation was brought out 
by Carl Pried, of Breslau. He emphasized the use of this method particularly 
in inoperable tumors and reported surprisingly good results in certain c.a-e= of 
gastric cancer, br.ain tumors, and advanced carcinoma of the breast and bladder 



162 


SURGERY 


Wm. E. Howes, of Brooklyn, K. Y., and G, T. Pack and Gordon McNeer, of Non- 
York, N. Y., Hkewise recommend greater use of radiation therapy in the inop- 
erable cases of carcinoma of the stomach. 

Alexander Branschwig, of Chicago, III., reported his observations on the his- 
tology at the site of benign giant cell tumors several years after conservative 
treatment, such as irradiation or curettage. There is an unusual slowness of 
reossilication in such tumors so that roentgenograms several years after treat- 
ment may show little change from the original appearance in spite of the fact 
that no tumor remains. 

Congo Eed and Liver Therapy in Roentgen Sickness was discussed bv Isidore 
Arons and Boris Sokoloff, of New York, N. Y. They found that Congo red and 
liver combined were of practical value in combating both the roentgen sickness 
and the anemia which often follow irradiation. Incidental!}-, they discovered 
that these two substances, in themselves, exorcised a pronounced inhibiting effect 
on the growth of mouse sarcoma. 

An extensiv-e s}-mposium on the radiation therapy of carcinoma of the breast 
was held, some eight papers being presented. The essayists discussed various 
phases of this problem, but there was general agreement that a combination of 
surgery and irradiation is the best method of treatment. Good results wore re- 
ported with the use of preoperative as well as postoperative irradiation 
Simple mastectomy with postoperative x-ray therapy, in one scries of cases, 
seemed to afford a relatively high percentage of cures. 


An important review of irradiation therapy of cancer avns given by Hans E. 
Schlnz, of Zurich, who reported his observations over a seventeen-year period. 


The treatment of acute pneumonia, particularly of the lobar t}pe, by x-radia- 
tion was reported on by Eugene Powell of Temple, Tex., and Carl Pried, of 
Breslau. The latter presented e.xperimental evidence to support the clinical c.x- 
perience of the rapid resolution of both lobar and postoperative pneumonia. M. 
Berck, of New York, N. Y., again reviewed the results of roentgen therapy for 
bronchiectasis. He believes that moderately large doses of x-rays present a feasible 
and successful treatment for many cases of chronic secreting bronchiectasis. 

Most of the papers presented in the sections on radiobiology and rndintion 
physics were of a highly technical nature. There were a number of presentations 
detailing investigations on the effects of neutrons on biologic raatcrinls. 

John H. Laurence, Paul C. Aehersold, and Eaymond E. Zirkle, of Berkeley, 
Calif reported the varying effects of neutrons on different substances lending to 
tile possibility that this form of radiation may be specifically more effective than 
radium or x-rays on certain neoplasms. 


J Gershon-Cohen, Harry Shay, David E. Meranze, and Samuel S. Pels, of Pl.da- 
delphia Pa., reported their observations on the irradiation of the thyn.us in rats. 
The atrophy produced seemed to have a definite relationship to genera grouth, 
skeletM development, and particularly to development of the system 

Numerous other papers of great interest to the rad.olog.st and the ph}.s.c..t, 
but of less general interest, were pre.scnted. 
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Operative Surgery, the Ear, Air Passages and Neck. By Dr. Martin Karschner 
(with the collaboration of A. Lautenschlager and 0. Kleinschmidt). Authorized 
translation by I. S. Eavdin and George M, Coates. Pp. 528, with 4C0 illustrations. 
Philadelphia and London, 1937, J. B. Lippincott Company, $10. 

This, the third volume in the operative surgery series of Professor Martin 
Kirschncr, of Heidelberg, is worthy of the distinction of appearing on the shelf be- 
side its two illustrious predecessors. This volume appears in two partsj the first 
relates to operations on the ear, the nose and its appendages, the pharynx, larynx, 
trachea, and bronchi. This section is written by Professor Lautenschlager, of 
Berlin, and is edited and translated by Dr. George M. Coates, of Philadelphia. Part 
Two concerns operations on the esophagus and other structures of the neck and is 
written by Professor Kleinschmidt, of Wiesbaden, and is edited and translated by 
Dr. I. S. Eavdin, of Pliiladelphia, who also sponsored the appearance of the first two 
volumes in English. 

The approach to the description of operative procedures is distinctly anatomic. 
The influence of years of contact with cadaver surgery in the teaching of applied 
surgical anatomy to medical students, an exercise to which every academic German 
surgeon is thoroughly expo.scd, is immediately apparent. The anatomic plan of 
operation so well elucidated by the authors is worthy of careful study. Physiologic 
considerations relating to the operations described, however, are often totally ignored 
by the writers. In the section on the neck, some of the obvious omissions have been 
repaired in part by the insertion of short pertinent sentences by the editor. 

The illustrations, of which there are a large number, are beautifully done in 
color and add much to the clTcctivcncss of the descriptions. How often American 
authors have occasion to bo envious of their continental colleagues whose publishers 
permit them to use illustrations in color so generously. 

A serious omission, the reviewer feels, is failure to append a satisfactory 
bibliography. Scores of names (largely German) arc cited throughout the volume, 
but where tlic.^e references are to be found is not intimated. The usefulness of the 
volume would liavo been increased several fold to the critical student of surgerj- by 
the proper insertion of suitable references. 

Tho volume can be whole-heartedly recommended to any serious student of surgery 
having an interc.st in the subject matter. 


Surgical Trc.atmcnt. By James Peter Wurbassc and Calvin Mason Smyth, Jr. 

Third vnl. Ed. 2. Pp. 90G, vol. I,; 7S2, vol. llj 79S, vol. HI. Philadelphia, 

1937, W, B. Saunders Company. $33. 

Francis Bacon, in Ids day, took all knowledge for his province. With the 
development of science — which Oliver Wendell Holntcs defined as tho topographv 
of ignorance men have become less bold in their excursions into divcr.se branches 
of Icaridng. No man longer c.s.says to encompass the entire field of medical knowl- 
edge. Surgery, too, has iK'comc so broad that no one man’s or even two men’s 
knowkalge e.vtemls eompletoly into its numerous nimifieafions. In this weakness 
lies tin. fundamental defect of these volumes. 

1G.3 



164 


SURGERY 


Jacobsen and Kocher, profound students of surgeiy in their day, -n-ere able to 
urite, unaided, works on operative surgerj- ■wiiich their contemporaries and even 
men of our generation have zealously studied. Jacobsen’s Operations of Surperp 
and Kocher's Operative Surgery became the fade mccum of Anglo-Saxon and 
Teutonic surgeons. The authors of those volumes directed their efforts to help 
instruct the best informed surgeon.^. In consequence, they fathered texts which 
reached an unusually large audience. 

The authors of these three volumes on surgical treatment have essayed to 
discuss both nonoperative and operative treatment of surgical disorders. They 
have levelled their effort undoubtedly at the general practitioner who will find 
contained in these volumes a surprising mass of useful information. The ex- 
perienced surgeon will find in them much to commend and much witli wliich ho 
n-ill disagree or which he will feel inclined to criticize. He will miss particularly 
the critical scholarly attitude which he is wont to expect in a work of this magni- 
tude. He u'ill note the absence of references — a serious omission in the eyes of 
the inquisitive and fact-seeking surgeon. He will find statements once contained 
in texts that are now obsolescent. It is to be hoped that when a third edition 
of these volumes is written many of its inaccuracies will be corrected by the in- 
clusion of more authors whose fused efforts will constitute a more scientific and 
authoritative treatise. Tlie wide audience of American surgeons is deserving of tlio 
best conjoint effort of a strong medical publisliing house and alert and experienced 
surgeons possessed of a scientific and scliolarly interest. Volumes whicli are suffi- 
ciently authoritative to instruct the best informed of surgeons are also the most 
valuable and the safest sources of information for the “occasional surgeon.” 

One of the best chapters of these volumes deals with amputations. A large 
number of worth-while practical suggestions constitute an important feature of 
the volumes, which are profusely and well illustrated. The final chapter deals with 
the “economic and social aspects of surgical treatment’’ and contains a plea for 
a wider general culture on the part of the surgeon. Each volume has its index; 
an additional small fourth volume contains a good subject index of all the volumes. 


Synopsis of Digestive Diseases. By .Tohn L. Kantor. Pj.. 20G, with 40 illustratioas. 
St. Louis, 1937, The C. V. Jlosby Company. .$.1.50. 

Within the restrictions necessarily imposed upon presentations in synopsis form, 
tho author reviews gastroenterologic diseases, including most of the important recent 
contributions to this field of medicine. The digestive disorders are broad ,- divided 
nto those due to constitutional digestive inferiority, those due to acquired digc.s.ive 
into tno.e au „vtr.,r1iw«tive dBea'^c. In his vrcscnliiUon of the viirioii.s 

Sr'Ssttai;:d“d::e;ip;ions of -vt':;?; 

indicates briefly the surgical procedure ^ ^ ‘ 
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• Ninety years of clinical experience have attested the safety, 
adaptability, and effeaiveness of ether. Hence it is obvious that it should 
be the most widely used anesthetic agent. 

Since the produaion of Squibb Ether is mechanically controlled by 
unerring, sensitive automatic gauges and packaged in patented copper- 
lined containers to prevent the formation of undesirable toxic substances, 
it follows that such an ether should be pure, uniform, and effeaive. 

Since Squibb Ether is used in over S5% of American hospitals and in 
millions of cases ever)' year, it is apparent that surgeons and anesthetists 
have every confidence in its abilit}' to produce safe, satisfaaor)' anesthesia. 


For literature address the Anesthetic Division, 
E. R. Squibb & Sons, 743 Fijtb Ave., New York 
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COOK COUNTY 

GRADUATE SCHOOL of MEDICINE 

(IN ArriLIA-TION WITH COOK COUNTY HOSPITAL) 

. Incorporated not for profit 

Announces continuous courses 


JIEDICINE — ^Informal Course; Intensive 
Personal Courses; Special Courses. 

SUE OBEY — General Courses One, Tn'o, 
Three and Six Months; Two Weeks 
Intensive Course in Surgical Tech- 
nique with practice upon living tissue ; 
Clinical Course; Special Courses. 

GYNECOLOGY & OBSTETEICS— Diag- 
nostic Courses; Clinical Courses; 
Special Courses. 

EHACTUEES & TEAUMATIC SUB- 
GERY — Informal Practical Course; 
Ten Day Intensive Course starting 
Fehruary 14, 1938. 


OTOLAEYNGOLOGY— Two Weeks In- 
tensive Course starting April 4, 1938. 

OPHTHALklOLOGY— Two Weeks In- 
tensive Course starting April IS, 1938 ; 
Personal Course in Eefraction Methods. 

UKOLOGY — General Course Two 
Months; Intensis'e Course Two 
Weeks; Special Courses. 
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The Automatic Train Brake 

The .stream-lined train hurtles along 
across the country. Suddenly the engineer 
clutches his heart; his hands slip from the 
controls and he slumps to the floor. Behind 
him are more than two hundred human 
heings. Instantly the auto- 
matic brake goes into action 
and the train with its pre- 
cious cargo is safe. 
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VoL. 3 February, 1938 


Original Communications 

OPERATION ON A DEFUNCTIONED DISTAL .COLON 

Sir Hugh Devine, M.S., F.R.A.C.S., Senior Surgeon, 

St. ALncent’s Hospital, SIelbourne, Australia 

I N THE surgery of the distal colon, the principle of cariying out opera- 
tions and allowing the wound in the bowel to heal in a distal colon 
which has been completely defunctioned has revolutionized my operative 
results in the surgery of this region. Not only has this method improved 
my results, but also it has enabled me to perform witJi success operations 
on the distal colon, such as the various forms of sutured anastomosis 
and anastomoses of the sigmoid to the rectum, operations which I never 
dared attempt in the functioning distal colon. The principle of operating 
on the defunctioned colon has, therefore, not only enabled me to save 
many lives, but also it has permitted me to save the continence of many 
patients, who, otherwise, with the ordinary system of operating, would 
have been left with artificial anuses. 

By a defunctioned distal colon I mean one which has been completely 
disconnected from the alimentary canal, so tliat it cannot be soiled in 
any way by even the smallest quantity of feces; one from which the 
fecal contents have been washed out; and one which has been allowed 
to remain functionless until such time as the bacterial content has been 
considerably reduced — reduced on the principle that if, experimentally, 
a segment of bowel be completely isolated and thus deprived of its func- 
tion, in the process of time, it will lose most of its bacterial content. 
The process of debacterialization — if I may coin such a word — ^lirought 
about by the defunctioning of the distal colon and the lapse of time, 
can be hastened by daily lavage of the excluded segment, with saline 
solution, with solutions of low surface tension, or witli weak antiseptic 
solution. 

The two important points in this method of operating on the defune- 
lioued distal colon are first that the operation is carried out under favor- 
able conditions-abscncc of septic feces, fimetionless collapsed and re 

lo"' bacterial content; and, second, that the 

Ureolvwl for publIc.'itiDn. Oct. 2S, 1937. 
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of all to employ an operation, the danger of which was not great, I could 
not emploj’^ operations based on the principle of Paul. 

In looldng round for better methods for operating on the colon, and 
particularly on the distal colon, I was struck by the fact that it was 
its “cess-pool ’’-like function which was the great “stumbling-block” in , 
its surgery. I felt that if I could deprive the distal colon of its function, 
remove its contents, let it lie dormant for some time until it had lost a 
good deal of its germ content, just as the isolated experimental loop 
lost its organisms, I could carry out any operation on it and get just as 
good repair in it as I would in any other part of the intestinal canal. 
And that is exactly Avhat has happened: I have been able to carry out 
sutured end-to-end or side-to-side anastomoses in • old and debilitated 
cancerous patients; to remove almost the whole of the sigmoid in in- 
flammatory diverticular tumor and eventually join the upper part of 
the sigmoid to the upper part of the rectum ; to remove^carcinomas of the 
lower end of the sigmoid, and anastomose tlie middle of the sigmoid 
to the divided rectum; to remove inflammatory diverticular tumors of 
tlie sigmoid, which, bs' the ordinai-y methods of operating, would be quite 
irremovable ; to remove a series of innocent adenomas of the sigmoid by 
slitting it longitudinally, dissecting them out of the mucous membrane, 
and then elosing the lumen of the bowel; and to cure the rectovesical 
fistula arising from diverticulitis of the sigmoid. 

A faithful adherence to this simple principle of operating on the 
distal colon has enabled me to excurse, "with success, into fields of colonic 
surgery, into which I had never dreamed of wandering. It has, of course, 
reduced the mortality rate of my colon surgery to one which bears com- 
parison with the mortality rate of my other operations in the abdominal 
cavity. I must admit, however, that this success has tempted me to ex- 
plore realms of what I might call “derelict” colon surgery; that is, it 
has tempted me to operate on many hopeless-looking cases of carcinoma of 
the sigmoid, because I learned that after defunctioning the distal colon 
for some time, some grovfhs that appeared to be inoperable lost their 
adhesions to surrounding structures, became smaller and operable. As 
one would expect, the excursion into this surgical field led to as manj’- 
failures as successes. But the successes were absolute ones, for, otherwise, 
if the ordinary standards of colon surgery were followed, these eases 
would have been certain deaths ; and the failures would have died under 
any circumstances. 

THE APPLIC.VTION OF THE PRINCIPLE OF OPERATION ON THE 
DEFUNCTIONED DISTAL COLON 

In the surgery of the distal colon, there are two main fields- the 
surgery of malignant conditions, the main one of which is carcinoma 
of the sigmoid; and the surgeiy of innoeent afPeetions, which comprise 
inflammatory diverticular tumors with their complications, rectovesical 
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Avoimd in tlie intestine is allowed to heal under these conditions. .^Vnd of 
these two points, the healing of the wound in a hous'd devoid of content 
and without function. is nnieh the more important. ■ 

Arising out of this method of operating is, what I consider, another 
advance in the surgery of the colon, and this is tliat tlie diseoimcetion, 
to defunction the distal colon, which is made at the hepatic fle.xure or 
in the proximal part of the transverse colon, can be made more or lc.ss 
continently; that is, the patient need not be soiled witli the fecal contents, 
nor need he wear a colostomy cup. Tlie semifluid contents of tlie cecum 
and ascending colon can, as a rule, be “corlced” into this segment of 
bowel, as if they were corked in a bottle — the patient can wear a corked 
tube fitted into the small fistulous opening which serves ns a disconnect- 
ing anus. The contents of tlie cecum can then be emptied or evacuated 
by a "wasli-out” every twentj'-four hours. As a rule, there is very 
little soiling of the abdomen, rarely ain- irritation of the skin, and never 
any smell. I have never been able to obtain the same degree of con- 
tinence and the same degree of comfort with an opening in the sigmoid 
region, that is, with the ordinary artificial anus. 

In the past, like most surgeons, I was very worried over the result 
of my surgery in the region of the distal colon. No matter how enre- 
fullj' and ascptically and skillfully I made an anastomosis in the distal 
colon, the mortality rate of these operations was high — as high as 30 per 
cent. I soon learned the value of draining the bowel by cecostomy or 
some other means as a preparation for a resection and an anastomosis; 
but although the results were better, the operation on the still dirty, per- 
haps functioning, bowel, and the healing under the same condition.s, 
especially in a metabolically disca.scd, anemic, and toxic cancer patient, 
Avere still attended Avitli a considerable mortality rate — a mortality rate 
loo high to be tolerated in the.se days of succc.ssfiil surgical operations. 

In an effort further to improve my results, I resorted to all .sorts of 
modifications of Paul’s technirpic. In cases of carcinoma of the sigmoid 
or of the transverse colon, .so faA'orably situated that this operation could 
be carried out, my results Avcrc most succc.ssful; indeed, no better re- 
sults could be desired. But the diflicully ivith this method was that if 
was .so successful that I Avas lcm|>ted to cmi>loy it for growths in the 
upper or loAvcr part of the sigmoid — positions whii-h Averc not favorable 
to its performance — a7id I found that I Avas not i-emoving <'nongh of th(> 
nic.scn(cry. -And as a ennscfiiienco of this, the remote results results 
Avliich, in (he more or le.ss faA’oraldc eareinoma of the colon, slionM 
I)C good — AA'crc not all llnit could be desired. I found, loo, Ihal this 


method Avas of A-ery liftle use in the inflammatory conditions of the 
sigmoid; that is, in eotifliiions' such as large inflammafoi-y divrrtieoliir 
tunV'!’ of the .sigmoid, in AvhicJi the AcJnilc .sigmoid aavis inAoived, anil in 
liieb the me^entory and the hov.-cl Avere rigifl and ronfnu-tfd to soi'h 

" ,.,„,ires. tlmt i-. in ati inn»K'ctit corn/ition, in aa incfi f to •'hd r.'io.f 

cjriUjm'o 
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OPERATION ON DEFUNCTIONED DISTAL COLON 

of all to employ an operation, the danger of which was not great, I could 
not employ operations based on the principle of Paul. 

In looking round for better methods for operating on the colon, and 
particularly on the distal colon, I was struck by the fact that it was 
its “cess-pool”-like function which was the great “stumbling-block’’ in, 
its surgery. I felt that if I could deprive the distal colon of its function, 
remove its contents, let it lie dormant foi* some time until it had lost a 
good deal of its germ content, just as the isolated experimental loop 
lost its organisms, I could carry out any operation on it and get just as 
good repair in it as I would in anj’’ other part of the intestinal canal. 
And that is exactty what has happened : I have been able to carry out 
sutured end-to-end or side-to-side anastomoses in • old and debilitated 
cancerous patients; to remove almost the whole of the sigmoid in in- 
flammatory diverticular tumor and eventually join the upper part of 
the sigmoid to the upper part of the rectum ; to remove^carcinomas of the 
lower end of the sigmoid, and anastomose the middle of the sigmoid 
to the divided rectum; to remove inflammatory diverticular tumors of 
the sigmoid, which, by the ordinary methods of operating, would be quite 
irremovable ; to remove a series of innocent adenomas of the sigmoid by 
slitting it longitudinally, dissecting them out of the mucous membrane, 
and then closing the lumen of the bowel; and to cure the rectovesical 
fistula arising from diverticulitis of the sigmoid. 

A faithful adlierence to this simple principle of operating on the 
distal colon has enabled me to excurse, with success, into fields of colonic 
surgery, into which I had never dreamed of wandering. It has, of course, 
reduced the mortality rate of my colon surgery to one which bears com- 
parison with the mortality rate of my other operations in the abdominal 
cavity. I must admit, however, that this success has tempted me to ex- 
plore realms of what I might call “derelict’’ colon surgery; that is, it 
has tempted me to operate on many hopeless-looking cases of carcinoma of 
the sigmoid, because I learned that after defunctioning the distal colon 
for some time, some grondhs that appeared to be inoperable lost their 
adhesions to surrounding structures, became smaller and operable. As 
one would expect, the excursion into this surgical field led to as many 
failures as successes. But the successes were absolute ones, for, otherwise, 
if tlie ordinary standards of colon surgery were followed, these cases 
would have been certain deaths; and the failures would have died under 
any circumstances. 


TUE APPLICATION OF THE PRINCIPLE OP OPERATION ON THE 
DEFUNCTIONED DISTAL COLON 

In the surgery of the distal colon, there are two main fields: the 
surgery of malignant conditions, the main one of which is carcinoma 
0 1C sigmoK , anc t le surgery of innocent affections, which comprise 
mflammatory diverticular tumors n-ith their complications, rectovesical 
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wound in the intestine is allowed to heal undei- tliese conditions. And of 
these two points, the healing of the wound in a bowel devoid of content 
and without function is much the more important; " 

Arising out of this method of operating is, what I consider, another 
advance in the surgery of tlie colon, and this is tliat tlie discomioction, 
to defunction tlie distal colon, whieli is made at the hepatic flexure or 
in the proximal part of the transverse colon, can be made more or less 
continently; that is, the patient need not be soiled with the fecal contents, 
nor need he wear a colostomy cup. The semifluid contents of the cecum 
and ascending colon can, as a rule, be “corked" into this segment of 
bowel, as if thej’’ were corked in a bottle — the patient can wear a corked 
tube fitted into the small fistulous opening which serves as a disconnect- 
ing anus. The contents of the ceeum can then be emptied or evacuated 
by a “wash-out” every twenty-four hours. As a rule, there is very 
little soiling of the abdomen, rarel.v any irritation of the skin, and never 
anj' smell, I have never been able to obtain the same degree of con- 
tinence and the same degree of comfort with an opening in the sigmoid 
region, that is, with tlie ordinary artificial anus. 

In tJic past, like most surgeons, I was very worried over the result 
of my surgerj" in the region of the distal colon. No matter how care- 
full}' and aseptically and skillfully I made an anastomosis in the distal 
colon, the mortality rate of these operations was high — as high as 30 ])cr 
cent. I soon learned the value of draining the bowel by cccostomy or 
some otlier means ns a preparation for a resection and an anastomosis; 
but although the results were better, the operation on the still dirty, per- 
haps functioning, bowel, and the healing under the same conditions, 
especially in a mctabolically diseased, anemic, and toxic cancer patient, 
were still attended witli a considerable mortality rate — a mortality rate 
too high to be tolerated in tlic,sc days of suecc.ssful surgical operations. 

In an effort furtlier to improve my results, I resorted to all sorts of 
modifications of Paul’s technique. In eases of carcinoma of the sigmoid 
or of the tvnnsvcvsc colon, so favorably situated that this operation could 
be carried out, my results were mo.st sueee.ssful ; indeed, no better re- 
sult.s could be desired. But the difiieully with this method was that if 
was so successful that I was tempted to employ it for growths in the 
upper or lower part of the sigmoid — i>osition.s which were not favoral)le 
to its performaJice — and I found that I was not removing enough of the 
mesentery. And ns a con.scquence of this, the remote results rcsnlls 
which, ill the more or Ic.ss favorable carcinoma of the colon, should 
be good — were not all that could be desired. I found, loo, thaf this 
method was of very little use in the inflammalory condi/ions of the 
sigmoid; that is, in conditions such ns l.arg-c in/liimf!!/ilor\ divert ieiihir 
{limor of tlie .sigrnoiil. in nliieh the whole .sigmoid nas involved, nri'I in 
•1 ich the nic'-cntcr>’ mid the howel were rigid and conl/vo-lcd. In sn'-h 
' „-tnnc('s. that is, in ntt ijiri<n-erit condition, in whi- ii I nccd' d mo.! 

pjrcutas.c- 
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It is in what I have termed the “derelict” phases of carcinoma of 
the sigmoid colon that this method is of great advantage. A distal colon 
can be defunctioned for a month. The groivtli can then be resected, and 
the divided end of the functionless sigmoid implanted in the upper and 
lower end of the wound — an operation of little severity and danger. 
The patient may then be sent home for twelve months. During this time, 
he vill be able to live a fairly normal life, because his disconnecting anus 
will be more or less continent and he -udll, therefore, be able to carry out 
his usual work. Thus, adequate time — a most important factor — ^is 
allowed for improvement ~ of his general and local conditions. His 
general condition should greatly improve, because, his growth being 
removed, he wiU be: free not only from the systemic toxic infection of 
the grovi;h itself, but also from that caused by his chronic intestinal 
obstruction. Any systemic metastasis, which might not have been 
obvious at the operation, will become manifest. Locally, the bacterial 
content of his colon Avill have greatly decreased, and the vascularity of 
the bowel wall, particularly that in the divided ends, will have become 
definitely established. Thus, a sutured anastomosis of the colon segments 
— the dangerous part of an operation for the removal of a malignant 
growth in the colon — can be carried out under such ideal general and 
local conditions that there should be no more danger to the patient than 
that of any other abdominal operation. 

The Method of Operation on the Defmictioned Distal Colon. — This 
method of operation on the defunctioned colon involves the following: 

1. A complete disconnection of the proximal from the distal part 
of the colon, so that the distal colon can be completely defunctioned. 

2. A preliminary exploration of the abdomen. 

3. The construction of a disconnecting anus, which 

a. completely disconnects, 

b. is more or less continent, 

c. can be easily closed, 

d. is situated well awmy from tlie area of the operation. 

4. The preparation of the defunctioned distal colon. 

5. The type of operation carried out on the defunctioned distal 
colon. 


The Complete Disconnection of the Proximal From the Distal Colon. 

It is important that the distal colon be completely disconnected from 
the rest of the alimentary canal. The ordinary spur colostomy does not 
bring about a permanent complete disconnection ; for its spur soon bemns 
to draw in when some fecal contents follow the plane of the mucous 
membrane and soil the distal segment. Complete disconnection is ob- 
tamed by cutting the bowel acro.ss and inserting the ends into separate 
openmgs m the abdominal wall. The disconnection is made in the 
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/Ktiiliis, (■(('.. siiifrlo or iiinIlij)lo Jidcnonia of llie .si-'inoid, and eiidome- 
Irioiiia of llio lower jmrl ol' flic si{rinoid or liio rcelosi^nioid junction. 

or liie.‘;o two fleld.s of siir<rery, the one concerned witJi inflammatory 
conditions- of tlie di.stal colon givc.s the most dramatic re.siilfs, because 
on aecdiint of their innoeency time is not a factor. .And furthermore, 
on account of a reasonable amount of continence in tlie disconnecting 
anus, and, tiu'reforc, because discomfort and invalidism are not con- 
sideration.s, i)atients are not in the Ica-st disturbed by the defunctioning 
of the distal colon for a year or two. Thus, the distal colon can be 
defunct ioiKsl until such time as the bowel is almost germ-free and all 
inllnmmation has disappeared, and even until most of its effects on the 
li.ssucs have been repaired. 

In the field of malignancy, time is a great factor, and the di.stal 
colon cannot be defunct ioued (and prejjared) for a period any longer 
than three weeks or a month. But, in this field, there has been this 
advanct': it is the sei)tic character of the contents of the normal colon 
which constitutes the main danger in its .surgery. In the carcinomatous 
distal colon, this sci»lic character is increased many fold because it is 
chronically obstructed; for scarcely any carcinoma of the colon comes to 
the surgeon before it exhibits symptoms — colicky ])ains and distention — 
which arc those of chronic intestinal obstruction. Thus, in the carcinom- 
atous distal colon, the ])alhogcnici1y of the bactorial confenfs of the 
colon is greatly increased, the colonic walls are thin and their thin walls 
are almost ])criTicable by germs, its lymphatics are full of infective or- 
ganisms and its tissue vitality fcxically spoiled — all conditions in which 
an operation would almost certainly lead to peritonitis, and in which re- 
pair could scarcely be expected. In such circumstances, complete de- 
functioning of the di.stal colon, especially when it is prepared by daib' 
lavage — even if it be for the shoi-t period of a month — brings about such 
a profound change in the jjathogenicity of tlie bowel contents, and in its 
walls, that the mortality rate of operations in the eareinomatous colon is 
greatly reduced. Not only does the short period of defunctioning im- 
prove the local resistance of the patient’s colonic tissues, but also the 
patient’s general resistance. It certainly' permits the growth to be re- 
moved with safety. But repair, after an anastomosis between the seg- 
ments, although ever so much safer than in other methods, is nevertheless 
not so safe as the repair of anastomosis when it is allowed to take place 
in a distal colon which has been defunctioned for many' months. 

Even in the malignant field, how'cver, it is possible to take full ad- 
vantage of this principle of operation on a defunctioned colon, for the 
veconstiintion of t!io contmiiiiy of the bowel — the dangerous part of 
colonic operations — can be made in a colon wiiicli has been defunctioned 
for any desired period; and thus, tiie immediate results of the .surgery' 
of malignant eondition.s can bo made nImo.st as safe as those of innocent 

condition.s. 
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it should be capable of being easily closed, and (4) that it should be 
situated well away from the area of the operation. The first is obtained 
by div'iding the bowel and implanting the divided ends into separate 
openings in the abdominal wall ; the second, bj’" making a small fistula- 
like anus at the begimiing of the transverse colon wfith an opening 
so small that it can be easily occluded; the third, by combining the small 
fistulous anus with a v'ery long spur; and the fourth, by making the 
disconnection in the upper right part of the abdomen at either the 
proximal part of the transverse colon or the hepatic flexure. 

The Steps in the Technique . — 

1. The incision: Already described and used for exploratory pxu'- 
poses ; two and one-half inches long in the upper part of the right rectus. 



Pig'. 2. — Drawing, made from pliotograph. of an e.xploration of tlie abdominal 
cavity, being made through this small incision, with a vaselined gloved hand. The 
d'’!tv,’lng shows the operation viewed from the end of the table. A is the umbilicus : 
li, gloved hand Inserted Into the small exploratorj- incision through which the dis- 
connecting anus will be made. 


2. Formation of tlic long spur: If the transverse colon be long, its 

proximal part is drawn out of the abdominal wound and a tube passed 
through the apex of the loop as shown in Fig. 3. Tlie loop is now 
stretched to its full extent, and its limbs are connected together by a 
running suture, so as to make as long a spur as possible (Fig. 4). The 
spur should be four or five inches long. If the transverse colon be short 
the long spur is made by suturing the proximal part of the transverse 
colon to the ascending colon, tlie apex of the loop then being tlie hepatic 
ficxuvc. ^ 

3. 14ic parietal pcritoncniii is sutured round the neck of the loop 
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Vrcliniimiry JUxploration of the Abdomen . — Advaiitngc is taken of 
llic sliglit lirst-slage o])eralioii of iiialciiig a disconnocling amis, for the 
])urposc of dofiuictioiiing the distal eoloii, to nialce a preliminary explora- 
tion of flic abdomen. An incision a little over two inches in length is 
made in the upjier part of the left rectus mnsele (Fig. 1). Tliis inci.sion 
is preferably made very small, because tiirongh it the di.sconnceting 
aims is going to be made and tliercfoi'o it may liecoine infected; and 
in the presence of infection, a small wound is more manageable and le.ss 
dangerons to tlie ])atient tlian a large one. Exjdoration of tiie whole 
abdomen throngli this small oi)ening can be most effectively canned out by 
vaselining the gloved hand (h’ig. 2). The lubricated gloved hand .slips 



Ffe. 1. — Shon-inff the position of the small incision nmtle over the npper Part of the 
right rectus muscle. Note the smallness of the incision (about S'A Inches;. 


readily through the small incision ; the omentum or intestines do not eling 
to it, and thus, an exact and reliable exploration of the growth, the 
liver, and of the whole abdomen can be made. With this simple aid, 
it is surprising to experience, for the first time, the comfort and ease n ith 
which an exploration, usuall 3 ’^ difficult under such circumstances, can be 
carried out. 

The main object of the exploration is to make an examination of the 
growth and of any glandular involvement with a view to its operability, 
and to ascertain if there is any metastatic spi’ead of the growth, which 
would prohibit its radical removal. 

The C onstruetton of the Disconnecting Anns . — In Z’egard to this dis- 
connecting anus, there are four requirements : (1) that it should com- 

pletely disconnect, (2) that it should be more or less continent, (3) that 
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bowel ends are now sntnred, so as to make a pair of tiny fistulas, for it 
only requires a very small opening to allow egress of tlie semifluid 



Piff. 5. — ^Kocher clamps applied to the bowel through two small openings in the ab- 
dominal wall, which do not include the muscle of the abdominal wall. 



C;— I»apramma«c section to .show tlie two cut ends of tlte bowel drawn nn 
throuKh the small openings by the Kocher clamps, and the main wound siitu?2d Tn^ 
set sliows position of muscle in relation to the ends of the bowe] sutured. In- 


coiUeuls of the ascending colon, and there is very little dau^rer of tlie 
fi.stula closing, because, from its nature, it must always fiinctioiL 
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4. Buttoii-liolc openings (lliroiigli onlj’’ inirl of Uie abdominal wall), 
are made one inch on each side of the incision. Through these openings, 
Kochcr clamps arc applied to the bowel (as in Pig. 5), which is then 
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Thus, this technique produces an anus giving all requirements : com- 
plete disconnection; the small opening which is easily occluded but 
through Avhich the semifluid contents of the cecum and ascending colon 
can discharge; the very long spur, the crushing of which permits early 
restitution of function; the anus situated well away from the region of 
the future operation. Fig. 8 is a drawing showing how small is the 
finished disconnecting anus. Very rarely in a case of acute intestinal 
obstruction, the bowel is so intensely distended that it is impossible to 



Fie. B. — Photoer.iph which allows how small tiiese coloslomy openings can be, and 

yet function properly. 


make a spur. In tlicse circumstances, a cecostomy should be made and 
when the bowel regains its nonual size, a disconnecting anus can be 
made. 


Maiiaffcvicnf of ihc Disconncctinfj Amis. — ^Pig. 9 is a photograph which 
shows liow small these colostomy openings can he, and vet function prop- 
erly. One surgeon, on whom I carried out this form 'of colostomy was 
able to control the boivel contents for twenty-four hours with a toy bal- 
loon. He then took it out, leaned over a dish, emptied his bowel, ciraned 

the „m,s .-..Kl p„t bnrt ,1,0 ,,o 

fcc.il dischaigc for another twenty-four hours. 
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111 order tlial tliere should not be the slightest intestinal obstruction 
with such a small anus, the proximal Kochcr clamp is taken off after 



Fip, 7, — Koclicr clamps In position on the abdomen. 



Fig-. 8. — Shoire the disconnecting anus. 


twelve hours, but in order to keep the bowel ends in proper position, the 
distal one is left on for several das^s. Fig. 7 shows the two clamps in 
position on the abdomen. 
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colon, it is now conceded bj’’ those surgeons who liave had experience 
in the surgery of the colon that it is unsound and dangerous to use this 
form of anastomosis in connecting up the distal colon after resections. 

The difficulties and dangers of a sutured anastomosis in the functioning 
distal colon are ; 

1. The contents of the colon are verj’' infective, and, as during the 
operation the lumen of the bowel must be opened, it is almost impossible 



dlrTif; lllu-stration of tho enterotome, with its blades disconnected. A in- 

O connects the two blades; B, a cross-section of the bltde^ 

been nil "'Ing-cd nut wliich draws the two blades tiglitly tosether after they have 
been placed in position on the spur and connected. = aner cnej naie 


to prevent soiling of the peritoneum and, therefore, the occurrence of 
some grade of peritonitis. 

2. The natural vascularity of the colon is so poor that it is never cer- 
tain that the cut ends of the bowel, with the added embarrassment of 
suuires, have sufficient circulation to ensure proper repair. 
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ns 

an illuslratioii ol' (lie ciiterotninc. Tlie blado.s arc va.sclinetl bcl'ore use, 
introduced .sc])ara1cly, and llioii connected nj) with tlie screw A. B is a 
cross-section of tlic Idadcs. ]•’!". 34 is a dia^rain sliowin^ liie enterofoine 
a])plicd. 

Tlirongli the dec]i anastomosis J’oi-incd in- tliis long cntei’otoine, all the 
fecal contents i)ass, i-athci' than np through the fistida-Iihe amis. The 
consequence is that, cxccjit for a small fistidous opening, wliieli may 
discharge a little feces or jicrhaps only air, function is restored in a few 
days. 

The small fistidas can he closed with a local anesthesia, hut very often 
they close naturally. 



rig. 12. — The enterotome in position. 


The Type of Operation to Be Carried Out on the Defunctw7ied Distal 
Colon . — 

1. Partial sigmoidectomy with sutured anastomosis. 

2. A rectosigmoid resection with sutured anastomosis. 

3. Pectosigmoid resection with telescopic anastomosis. 

4. Extensive sigmoidotomy for tlie removal of single or multiple 
adenoma. 

Sutured Anastomosis in a Functioning Distal Colon . — Whatever may 
be the opinion in regard to the soundness of making a sutured anastomosis 
in reconstituting the bowel after an ileocolic resection of the proximal 
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colon, it is now conceded by those surgeons who have had experience 
in the surgery of the colon that it is unsound and dangerous to use this 
form of anastomosis in connecting up the distal colon after resections. 

The difficulties and dangers of a sutured anastomosis in the functioning 
distal colon are ; 

1. The contents of the colon are very infective, and, as during the 
operation the lumen of the bowel must be opened, it is almost impossible 



11 }?' — Illustration of tlio enterotonic. with its blades disconnected A ii, 

<ncatc.s the screw which connccte the two blades; E, a cross-section of the hlTdiei 
O, tlie largo winged nut which draws tiic two blades Ughtlv to'-other eftni- MuT* i ' 
been placed in position on tlio spur .and conncctX Whether after they have 


to prevent soiling of llie peritoneum and, therefore, the occurrence of 
some grade of peritonitis. 


2. The natural va.senlai-i(y of the colon is so poor that it is never cer- 
tam that the cut cmls of the bowel, with the added embarrassment of 
sutures, linve snffieient circulation to ensure proper repair. 




ITS SlTIHJKIiY 

<m illustration of tiio eiilci-otoino. The blades arc vaseliried before use, 
introdTiced sei)ai'ately, and then eonneetcd nj) witli the screw A. B is a 
cross-section of the blades, b’i". J4 is a diafri-ani showing the enterotoiae 
applied. 

Through the deej) anastomosis formed by this long enterotoiae, all the 
fecal contents pa.s.s, rather than up through the fistula-liK'c anus. The 
eonseipicnee is that, exet'pl for a small fistulous opening, which may 
discharge a little feces or jicrhajis only air, function is restored in a few 
days. 

The small fistulas can be closed with a local anesthesia, but very often 
they close naturally. 



riff. 12. — The entcrotome in position. 


The Type of Operedion to Be Carried Out ou the Defmtctmied Distal 
Colon . — 

1. Partial sigmoidectomy with sutured anastomosis. 

2. A rectosigmoid resection witli sutured anastomosis. 

3. Eeetosigmoid resection with telescopic anastomosis. 

4. Extensive siginoidotomy for tlie removal of single or multiple 
adenoma. 

Sutnred A'liastomosi.'i in a Functioning Distal Colon. — Whatever may 
be the opinion in regard to the soundne.ss of making a sutured anastomosis 
in recon.stituting tlio bowel after an ileocolic resection of the proximal 
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colon, it is noAV conceded by those surgeons who have had experience 
in the surgery of the colon that it is unsound and dangerous to use this 
form of anastomosis in connecting up the distal colon after resections. 

The difficulties and dangers of a sutured anastomosis in the functioning 
distal colon are : 

1. The contents of the colon are very infective, and, as during the 
operation the lumen of the bowel must be opened, it is almost impossible 



llUiKlnUloii of tlio cnterotome. ■nitli Its blades disconnected. A in- 
dlcatcs the screw which connects the two hl.acles: S, a cross-section of the blades- 
C, the larpe winced nut which dr.a-ws the two Wades tishtly tosether alter they have 
been placed in position on the spur and connected ^ 


(o prevent soiling of the peritoneum and, therefore, (he occurrence of 
some grade of peritonitis. 

2. 1 lie iiiitural vascularity of tlie colon i.s so poor tliat it is never cer- 
tain that the cut ends of the bowel, witli the added embarrassment of 
sutures, have sufficient circulation to ensure proper repair 
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3. Tlio of (lie i)cM'i(oncaI layer of the colon is not effective as in 

the small intestine. Infection from the colonic contcn(.s is very likely to 
leak to the iieritoncum Ihrough the ac(iial line of contact of the segments 
of bowel; it may also pass thvongli little areas of necrosis in the cat edges 
of the bowel, which occur from a suture jiressurc in t he ])oorly vascular- 
ized colonic wall; or it may jiass along the .snlnre.s. 

Wilkie recognizes the danger of making a sutured anastomosis on 
orthodox lines in the distal colon. Using Init one la.ver of interrupted 
sutures through the scromuseular coat onlj-, he places his sutures and 
ties them with great, care, so to avoid any tension, and therefore any 
interferonee with the vascularity of the cut ends of the bowel. 



Fit- 14 — Diaeram showing the enterotoihe applied. For diaBrammatlc 
aMominal p-all in the dratvine is considered transparent and the spur semisectional. 


The various methods of so-called “aseptic anastomosis” cannot pos- 
sibly be aseptic. Furthermore, in these methods the liability of infec- 
tion along the sutures is still present and the dangers attendant on defec- 
tive blood supply are not obviated. Finally, it may he accepted as a 
clinical fact that a sntni’ed anastomosis made in the functioning distal 
colon involves a high percentage of mortalit3^ 

//ow Soon Should Operation Be Carried, Out on the Defwnctioncd 
Colon . — The longer the distal colon has been defnnetioned, the lower the 
bacterial content and the better the local condition. In innocent condi- 
tions, such as a diverticular tumor ov the complications arising from it, 
operation may bo delayed iov twelve months. In sucli inflammatory 
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conditions, long defunctioning, is sound treatment, because areas of in- 
flammation, spreading from the tumor, resolve ; and extensive adhesions, 
whieli may bind the inflammatory tumor to all the organs in its neighbor- 
hood, slowly disappear. But not only does a prolonged defunetioning 
of the distal colon enable the surgeon to remove inflammatory tumors, 
which previously were inoperable, but also it avoids for him the removal 
of bowel, which is inflamed, but otherwdse healthy. In one patient, who 
developed acute intestinal obstruction as the result of an inflammatory 
diverticular timior in the sigmoid, the diverticular condition completely 
cleared up after the distal colon had been defunctioned for twelve months, 
and normal function was restored to the patient. In another patient 
in whom I had unsuccessfully made two attempts to remove an inflamma- 
tory diverticular tumor in a defunctioned distal colon, • I was able 
eventually, after the bowel had been defunctioned for a considerable 
time, to remove the tumor. Thus, in innocent affections, the longer the 
distal colon is defunctioned, the safer and more successful is the opera- 
tion. 


In malignant conditions, anjuvay, as far as the removal of the growth 
is concerned, the bowel cannot be defunctioned for more than a month. 
The operation for the reconstitution of the continuitj’' of the colon can, 
however, be always carried out in a bowel in which a long period of 
defunctioning has been allowed. It is siu'prising to see the effect that 
defunetioning has on some malignant growths. In two instances where 
malignant tumors of the sigmoid appeared to be quite inoperable, because 
they were widely adherent to surrounding structures, I found that after 
a period of four months of defunetioning, they became operable. Only 
a small proportion of malignant growths, which appear to be inoperable, 
however, behave in this way, for it is only in a few cases that the exten- 
sive adhesions, which make them inoperable, are the result of an asso- 
ciated inflammatory condition arising from an ulcerating cancer tumor. 

Partial Sigmoidectomy and Sutured Anastomosis in a “Defunctioned” 
Distal Colon. — In the defunctioned distal colon, which is quiescent, re- 
tracted, and clean, it is possible safely to perform an orthodox sutured 
anastomosis ; and it is still possible to do so e%’en when the segments of 
!)owel to be anastomosed are incompletely peritoncalized, or wlien the dis- 
parity in their caliber is great. The use of a sutured anastomosis in the 


case of carcinoma of tiic upper and lower parts of the sigmoid is of great 
advantage, for the requisite amount of bowel which should be reinoved 
with the carcinoma and the proper amount of pertaining me.senferic leaf 
can be critically estimated and then removed-an advantage wliiclx does 
not obtain in operations on the principles of Paul, lilikulicz, and otliens 
Ti.e !,ea!ing of a .sutured ana.slomo.si.s in a defunctioned colon takes 
P ace under favorable condilions; that is, under conditions of com- 
Idcto rcst-a most naporfanf .surgical principle. The postoperative 
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course aricr lliese operations is niicniuiiJy uiieveJKXiil— a?) i/idieafion of 
the absence of even mild grades of local peritonitis, and therefore of anv 
degree of infection. 

In the defunetioned distal colon, a real “asejitic” anastomosis can bo 
made llm is made iiossiblc by the fact that the lumen of the “dcfuiic- 
lioned” colon can be ascptieally scaled by diathermic coagulation, and 
It does not matter when it opens. The method of making thi.s “aseptic” 
anastomosis is illustrated in Fig.s. 35 and 30. The .segment of boivel 
containing the growth is isolated with the aid of the diathermy knife and 



Fig:. 15.' — Resection of a defunetioned distal colon. 

Kocher clamps, and with the corresponding part of mesenteric leaf 
removed (Pigs. 15 and 16) . Tlie Kocher clamps closing the proximal and 
distal segments are then contacted with the diatlierni}’^ current in order 
to coagulate that piece of bowel which lies within the grasp of the clamp. 
These forceps are then approximated as shown in Fig. 16. Interrupted 
sutures taking in a big bite of the seromuscular laj'er are now placed 
round the whole circumference of the bowel ends, as shown in Pig. 
16. These sutures are tied so gently that the sealed ends of the bowel 

mestenry is closed in the usual ivay. The 
o o c>«e containing the anastomosis should, for additional 
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safety, be embedded in a little pocket of omeiitimi. A drainage tube 
is inserted domi to the anastomosis. 

Siejmoidotonuj for Bemoval of Singh and Mnltiph Adenoma.-~ln 
cases where there have been large single or multiple adenomas, after 
defunetioning the colon for a considerable period, I have not hesitated 
widely to slit up the sigmoid and remove the adenoma. It is a com- 
fort to feel that there is very little danger of a suture insufficiency in 
tlie extensively sutured sigmoid because the operation has been carried 
out on the defunctioned colon. 

Rectosigmoid Resection With Sutured Anastomosis. — It is in growths 
in the lower third of the sigmoid tJiat this method of operating on the 



Fiff. IG. — Resection and sutured an.astomosis in a defunctioned distal colon. 

defunctioned colon is so valuable. In this situation, aiij* operation 
methods based on the principle of Paul cannot be satisfactorily carried 
out because they do not jierinit an adequate resection of the mesenteric 
leaf; and they do not allow sufficient removal of the bowel on the rectal 
side of the growth. Where, however, the operation is carried out on a 
defunctioned bowel, the proper amount of the sigmoid and upper part 
of the rectum with the eorre.sponding part of the mesenteric leaf can be 
resected; and, with every prospect of .suecc.ss, and witli verv little danger, 
the sigmoid can be annslomosed to the divided rectum, 'when theV 
pair of tins reeio.sigmoid anastomosis fakes place in a defunctioned colon, 
the imwnjdcte pmtonealiznlion of the rectum does not mar the eventual 
sueee.s.sfnl healing of Dm anastoinosk 
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Steps in the Tochnuptc of Ahdominal Ilcctosipmoid Jtcscclion . — The 
sigmoid is divided, i)c(\veeii elnm])s (Fig. 17) well aijove the growth, and 
tlic incsonlcry, with its vessels, is also divided as in I'h'g. lii. Tlie clamp 
is neiirly tlirce-qiiarlers of an iindi wide and has deep seiTafions so that 
it can get a very j)owerrnl lirm grip on a piece of the eiit segment. With 
great pressure, and the broad grij), and the coagulation of the gripped 
tissues by nicaiis of the dialhcrmj' current, leakage is impossible and the 
occluded end is absolutely sterile. This form of clamp is a convenient 
one for asej)lically and hermetically .sealing the divided cjids of tJio colon 
It can be allowed to lie uncovered in the abdominal cavity. It also serves 



Fiff. 17.— An Illustration of vrhat I call the •‘bo.x ciarop.” y-mcli I use closine 

aseptlcallj- tlie divided ends of tlie colon. A and B arc the two sect ons of the bo-_ 

clamp; C, the key which is inserted into the screws F and F ‘o “'V a sec- 

tions of the clamp tosetlicr with great pressure ; D, the ke^ m action , G, a cc 
tional drawing which shows the sen-ations on the ,vi,ich is used m 

of the clamp; H. the hox clamp assembled: J, the thathci-nij Knife 11111011 i.s 

divide the bowel and to eoagutatc the cut edges of the bowel. 


as a handle wherewith to make tension on the bowel when dissecting it 
from adhesions or out of the pelvis. Fig. 17 is an illustration of tlic 
clamp which I use for closing aseptically the divided ends of the colon. 

The boivel i.s divided with a diathermy knife hetweon an intestiiidl 
clamp above and a box clamp below flush with tlie edge of the latter 
clamp. The tissue at the edges of the hox damp and grasped by it is 
sterilized by contacting the clamp and its edges with the coagulating 
cliatlienny curi'cnt. Holding ilie lower .sigmoid segment by the hox 
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clamp, the operator draws it forcibly upwards, puts its rectosigmoid peri- 
toneal reflection on the stretch and divides it. The upper half of the 
rectum is now isolated by dissecting it from the pelvic wall laterally and 
from the bladder anteriorly, by means of a long spade dissecting scissors. 
(Fig. 18.) The rectum is divided in much the same way as the vagina 
is divided in the course of a panhysterectomy, and, as in this operation, 
a Wertheim’s vaginal clamp is used to close the lower, end of the recto- 
sigmoid segment (Fig. 19 ) . A clamp is not applied to the rectal stump 




Fip, 18. — Isolfitin?; the upper half of the rectum, bv disscctinEr it from the pelvic 
Yall laterally and from the bladder anteriorly, by means of a lone, spadc-ended 
dissecting scissors, 

because the tissue of its cut edges must not be crushed. Its use is un- 
noee.ssavy, as the rectum can lie cleaned and sterilized, as far as it is 
possitilc, through the anus. 

In the ease of a woman, the lubes should he removed, because even 
tlio presence of .slight infection (a mild sepsis occasionallv occurs roimd 
the cut edge of tl.e rectum) may give ri.se to tubo-ovaVian abscesses. 

The loxver end of the sigmoid is now anastomosed to the stump of the 
rectum m tlie following way. TJie cut end of tlie sigmoid is e.xamined 
to maUe sure that it is projicrly va.seularizcd. It is brought doxvn to 
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ihc rcelnl stuwp, pinccci in the correct Jijjjjosition to it, and seeiii'cci in 
tiiis i)osiliou by guy-rope sutures, wliicli, l)esidcs iixing ilie segments to- 
gether, are used to anchor them to the operating frame. (Fig. 20.) As 
the bowel segments are emjity and clean, interrupted .sutures of fine, 
sliglitly hardened gut, taking a bite of about a tlurd of an incli, are in- 
serted from tJieir lumens. TJiese sutures are used to .join the po.sterior 
and lateral walls, until it is im])ossiblc to in.sert any more. Wlien this 



Pier. 19 . The lower end of the rccto.cismoid segment is closed hy .a 'n'erthehii s 

vag'inn.l clamp before tbc rectum is divicleti. 


point has been reached, a few figure-of-eiglit sutures are inserted from 
tlie e.xternal surface of the bowel in order to complete the anastomosis. 
(See inset Fig. 20.) Only one layer of sutures is used. Tlie sutures 
are inserted from the lumen of tlie liowel, because on account of tlie 
cramped position it is most difficult lo jilace tlie posterior la.yer of sutures 
in position from the external surface. 

A long needle-holder is used to insert the sutures, and another one in' 
the left hand serves to pick lliem ipj. By employing this double ncedle- 
liolder device, it is surprising to sec how deep down in the iielvis an 
anastomosis can bo made. Tlie pelvic peritoneum is sutured over the 



DEVINE : 


OPERATION ON DEFUNCTIONED DISTAL COLON 


187 


anastomosis. A tube is introduced through the abdominal wound dovm 
to the anastomosis and another one is inserted through the rectum. The 
sphincter is divided. 

About six or seven days alter the operation, it will often be found that 
if saline solution be injected through the anus, some of it will come out 
of the alidominal tulie. This is oudng to the fact that a leak has de- 
veloped in the anastomosis. The tube (or a smaller one) is therefore 
left in position until such time as fluid injected through the rectum 
shows that the anastomosis has healed. About two weeks after this, the 
spur of the anus is crushed. 



20. — Shows. .'?emkliaj;rammatic;il!y. .mitiiros boinj; inserted from the mucous 
membrane inside llie bowel, so as to join the posterior wall of the divided end of the 
slprmold with that of the divided end of the rectum. It also shows tlie use of the two 
necdlc-liolders, which enable the vuturfnj? to be done in the depths of the pelvis 
and how the anastomosis is puy-ropod to Uio frame, so that in such a deep wound 
the ends are kept In accurate position and exact sulurlnjr is made possible Tim 
inset shows flpure-of-elKht sutures hein;? used to coapt a small section of the anterior 
odfjcs of the rectum and colon sofunents. 


A.k llic rectum is very wide, where it i.s divided, and as the ent end of 
the sigmoid ean be widened by a vertical cut, tlie anastomosis is rather 
easier to make than would bo expected. 


A sutured roetosigmoid anastomosis is partictilarly appliealile after 
rectosigmoid resection for a diverticular tumor. 

“ Telescopic” neclosinmohl Anastomosis.—ln some eases of rcclo- 
s-mnmid resoefum. a sutured anastomosis between file sigmoid and the 
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stump of the rectum cannot be made because of meelianical disabilities. 
Tliis liappens in fat jjcojjIc, in males witli nawoir pch'cs, in the case of 
a small or short rectal stump. In circumstances such as these, the rectal 
stump may be closed as shown in Fig. 21, the peritoneum sutured over 
it, and the divided end of the sigmoid implanted into the abdominal wall. 
Then at a later stage, when the peritoneum has become "glued’' on to the 
rectum (Pig. 22), the sigmoid maj’’ bo disconnected and drawn through 
an opening, which is made in this rectal pouch, the sphincter of which is 
divided. Fig. 23 .shows diagrammatically the cut end of the sigmoid 



Fig. 21.— Closure of the rectal stump after a rectosi^pid reseotiom A. the 
sutures closinE- the neritoneum over it; B, the sutures closing the ^0™?, 
rectum : c“ tlfe subpeHtoneal space left between the sutured stump and the peri- 
toneum ; Di is the anus. 


telescoped into the rectal pouch. A few sutures connect the peritoneum 
of tlie sigmoid to the peritoneum covering tlie rectal pouch, so that, as the 
sigmoid is drawn down, peritoneal surface becomes applied to peritoneal 
surface. A slotted tube (B), fixed in position ivith a safetj’^ pin, is used 
to keeji the anastomosis in position and to drain the rectal pouch. 

As the sigmoid is fnnetionless and the rectum patulous from the 
division of the sphincter ani, tliere is no more danger from this "tele- 
scopic” opei'ation than from drawing the sigmoid on to the surface of 
the abdominal wall to make an ordinary abdominal artificial anus. 
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Fig. 22.— Diagrammatic ('sectional) TCpresentatmn ^nd" there 



I'-lg. 23.— siiop-a ilinprammatically the cut end ot the sigmoid telescoped into the 
rretnt poueli. A tew sutures connect tiie pcrilcneum ot the sigmoid to tlic peritoneum 
covering the rectal poucli. so that ns the sigmoid is drawn down, peritoneal surface 
hecomes applied to peritoneal surface. A Indlcato ring of skin around artidclal anus 
sutured to nthber tube; B, slotted tube fixed in po.sltlon with a safety pin, used to 
keep the anastomo.sis in position and to drain the rectal pouch: 0. gaiizo and safety 
pin preventing tile tulio from going up. . , . o ^ u 



190 


SUBOEBY 


A difficulty, however, in this niclhod is tliat, sometimes, it is difficult 
to make the opening; in tlie rectal pouch, because the bladder fails over 
and adheres to the rectal stump. 

Tlie method is particularly applicable to bad eases of carcinoma of the 
lower end of tlie sigmoid; for the making of the tclescojiic anastomosis 
(!an be delayed lor six or twelve months, when the patient will have 
greatly imiirovcd in health as a result of the removal of the malignant 
gi'owth and when the circulation of the rectal stump— which is some- 
times disturbed in tliesc eases — will have improved. 


CASK HISTORIES TO SHOW VALUE OP SUTURED KECTOSIGJIOID 
ANASTOJIO.SIS ON DEPUNCTIONED COLON 


Gass 3. — An old and very dobilituted man with carcinoma of tlie lower end of the 
sigmoid, acute intestinal obstruction, and a late stage of diabetes. Staffc f. —Discon- 
necting anus in the pro.vimal trajusvorsc colon. S/affc S. — Sectosigmoid resection with 
closure of the rectal stump and implantation of lower cut end of sigmoid into loin. 
Stage S . — Six months later — resection of sigmoid mucous-fistula (artificial anus) and 
anastomosis by suture of lower end of sigmoid with rectal stump. Recovery: lived 
three years. 


Case 2. — Female, aged fifty years; diverticular tumor, intestinal obstruction. 
Stage 1 . — Disconnecting anus in the distal part of transverse colon and exploration 
of the abdomen. Large adherent mass filling the whole of the pelvis. Regarded ns 
an inoperable carcinoma of the sigmoid. Stage 3 . — Tlireo months later, at a second 
operation, further scrutiny of the mass now gave the impression that it was an 
inflammatory diverticular tumor, and not a carcinoma, as at first thought; but it 
was, however, still irremovable. Stage S . — Six months later, at a third operation, it 
was found that, as the result of six months defunctioning of the distal colon, the 
tumor of the sigmoid had become so much smaller and less adherent that it now 
appeared possible to remove it; and the whole of the lower two-thirds of the 
sigmoid, which was involved in the tumor mass and widely adherent to adjacent 
structures, was removed. Tlie severed end of the sigmoid was anastomosed to the 
upper part of the rectum. The patient recovered with complete function. Fig. 24 
is an x-ray, made six months after the operation, of a barium clysraa in this patient. 


Case 3. — Patient, aged seventy-five years, male, greatly debilitated, carcinoma of 
the lower end of the sigmoid, acute intestinal obstruction with great distention. 
Stage 1 . — disconnecting anus was made at the hepatic flexure (the transverse colon 
was short owing to the great distention), a loop being made by suturing the proximal 
limb of the transverse colon to the ascending colon. Exploration revealed the fact 


that the patient had a sigmoid grondli, which, because it was adherent to the sur- 
rounding structures including the bladder, appeared to be inoperable. Tno weeks 
later, the patient developed complete prostatio obstruction and became uremic. 
Stage 3 . — Cystotomy: tlie bladder was connected to a continuous suction appaiatus. 
stages . — Some time later: prostatectomy. Staged . — Four months later: Explora 
tion sliowed a small contracted distal colon and the growth now' lying quite free, 
except for a slight attachment to the bladder, and apparently quite operable. 
A rectosigmoid resection was carried out and an immediate single layer sutured 
anastomosis made, the union being between the upper third Of tho rectum and the 
lowoi- end of tho upper third of the .sigmoid. Notw-ithstanding the patient ’s great 
weakness and long illness, this operation did not disturb Ids general condition in tlie 

oneraiT™ /“oel’o" of Ids colostomy. He recovered from the efTeets of the 

optradon, Imt died two months later. 
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OPERATION ON DEFUNCTIONED DISTAL COLON 

These cases, ilhistxating as they do, the most difficult surgical problem 
involved in carcinomas or in diverticular tumors of the lower end of the 
sigmoid and the rectosigmoid junction, show the particular application 
of the abdominorectosignioid resection method. They also show the lenity 
of the operation, since it was employed in the these very old and very sick 
people. 



Flff. 21. — X-r.ij- of a ca.se In wlilrli n diverticular tumor Involvlnc most of the 
.sIbiuoUI was removed, and the divided end of the slRiiiold annstomo.sed to the imnei- 
I'ait of the rectum. (From Brit. J. Stirg.) 


CASE HISTORIES TO ILLU.STRATE TELESCOPIC METHOD 
OF RECTOSIGMOID ANASTOMOSIS 

The two following brief case hislorios—Case.s A and B— illustrate the 
uses of this loleseopic method of rectosigmoid nnastomosi.s • 

CAsr. A._.A very fat man, aged rirty..si.v years, a hotel keeper,' dovelopod acute 
mtei-tmal olisiruetmu. He was operate.l on in tlic country, and what appeared to 
he an moperuWe earemoma of the sigmoid was found. In order to Sieve tin 
nhsirnotinn. an art.f.eiat anus was made in the upper end of the sigmoid 
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Subsequent investigation by me created the suspicion that the tumor was inflamma- 
tory and that it was the result of an extensive diverticulitis. 

At a second operation, the whole of the sigmoid, including the portion bearing 
the artificial anus, was removed. It was impossible to approximate the divided ends 
of tho bowel and therefore to maho an anastomosis. Consequently it was necessarj- 
to close tho divided rectum by suturing separately the muscle layer and the peritoneum 
(shown in Pig. 21) and also to implant the distal cut end of the beginning of the 
sigmoid into the loin, where it would function as an artificial anus. 



Fte. 23. — Skiagram of the descending colon and little* from tlio 

After four years the distal end of the descending colon ^tump. J is the 

increased function imposed on it. I^te the smallness of t Australian & New 

lower end of descending colon; 2, the stump of rectum. (From Ausiraimu 
Zealand J. Sur^.) 


Pour years later, at tho request of tlie patient, %vho could not an} longer o era e 
the artificial anus, I decided to niahe an attempt to unite the descending colon o 
the rectum. The skiagram (Fig. 25) shows the level of the division of the sigmoid 
almost at its beginning — and the smallness of the rectal stump. 

After making a disconnecting anus in tho manner already described and preparing 
tho distal colon, tho sigmoid was joined to the rectal stump by a telescopic 
anastomosis made in tho way which has been described (ITig. 23). 
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The following are the detailed steps of the operation: (a) The abdomen was 
opened by a median snbumbilical incision; (b) an incision was so made round the 
artificial anus that a substantial ring of shin was left attached to the mucous mem- 
brane; the anus was then disconnected from the abdominal wall and the descending 
colon extensively mobilized; (c) a rubber tube 2.5 cm. (1 inch) in diameter, cut as 
shown in Fig. 23 was now sutured to the ring of skin which had been left attached 
to the artificial anus for this purpose, (d) A sponge holder with a swab on the end 
was now introduced through the anus into the rectum and pressed against its upper 
blind end. An incision 3.75 cm. (1% inches) long was made through the rectal 
wall. The forceps was now made to grip the end of tlie tube and draw it, with the 
attached bowel, through into the rectum. 



pf t'm rcclum of thl-s p.atlent, inadc after a barium 
rl>sma followed by Injection of air. It wa.s t.akcn four vears after the “tele-sconic” 
operation. Note the straight tubcIiUc roctocolic scRinent. ' (Prom Brit. J. Surp.)*' 

The rcct:d stump had contracted from disuse, and, as the jiatient was very fat 
a limnol had therefore to bo made posteriorly to tbc bladder before the rectum 
could bo incised. Consequently, when the bowel was drawn tbrougli tliis tunnel there 
wa^io space wl.atover whicl. would permit the manipulations required for the in- 
sortmn of sutures in order to unite the cut edge of the rectal wall to that of the 
<0 on. Im.on of tl,c bowel ends w.as then attained ns follows: (e) The obliquely 
rut part of tl.o tube wa.s dr.awn down through the anus and kept in this position bt 
m aus of g..mre and n very large safety pin inserted as shown in F 
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Subsequent investigntion by me created tlie suspicion that the tumor was inflamma- 
tory and that it was the result of an extensive diverticulitis. 

At a second operation, the whole of the sigmoid, including the portion bearing 
the artificial anus, was removed. It was impossible to approximate the divided ends 
of the bowel and therefore to make an anastomosis. Consequently it was necessarj- 
to close the divided rectum by suturing separately the muscle layer and the peritoneum 
(shown in Kg. 21) and also to implant the distal cut end of the beginning of the 
sigmoid into the loin, where it would function as an artificial anus. 



Fis. 25.— Skiagram of the descending colon and the rectal stump m thm^asa 
After four years the distal end of the descending eolon stump 1 is the 

Increased function imposed on it. Note the smaliness of therecta ^ 


lower end of descending colon ; 2, the stump of rectum. 
Zealand J. Surg.) 


(From Australian & New 


Pour years later, at the request of the patient, who could not any longer tolerate 
the artificial anus, I decided to make an attempt to unite the descending colon to 
the rectum. The skiagram (Fig. 25) shows the level of the division of the sigmoid— 
almost at its beginning — and the smallness of the rectal stump. 

inking a disconnecting anus in the manner already described and preparing 
lo distal colon, tho sigmoid was joined to the rectal stump by a telescopic 
•mastomosis mado in tho way which has been described (Kg. 23). 
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Problems Created by ak Attempt to Correlate Its Clinical, 
Surgical, and Pathologic Manipestations 

Albert Behrend, SI.D.,® and Howard K. Gray, M.D., 
Rochester, Minn. 

(From the ^[ayo Foundation and the Division of S^irgery, the Mayo Clinic) 

I N 1928, H. 0. Bruggeman coneliitled a paper, in M'liich were quoted 
the views of the leading surgeons of this and other countries with 
regard to the treatment of acute cholecystitis, with the following 
statement; “I wish to express the hope that some day surgeons will 
he fairly unanimous in their views on the treatment of acute inflam- 
mation of the gallbladder.” That hope is, if anything, further from 
fulfillment today than it ivas at that time. 

It is not the purpose of this paper, hoivever, to express a dogmatic 
opinion in regard to this highly controversial subject, nor to argue 
the case for immediate, early, or delayed operative treatment of acute 
cholecystic disease. Our pni'pose is to consider some of the problems 
created by an attempt to correlate the clinical, surgical, and patho- 
logic manifestations of the disease, and, since at present there is no 
uniformity of opinion among surgeons as to u'hat constitutes immedi- 
ate, early, or delayed treatment, to raise the question whether there 
ever can be, because of the nature of the disease. 

The adr’oeates of each of these schools seem to stand firm in the 


belief that theirs is the proper method of treatment, and furthermore 
each group believes there is good evidence to substantiate its argu- 
ments. As a couseciuenee, confusion has increased. ‘‘Immediate,” 
for example, may mean that operation was performed within a few 
hours after the onset of the attack of cholecystitis. In such cases the 
patient is admitted to a hospital and is immediately operated upon. 
Indeed, viaticuts with acute cholecystitis are sometimes subjected to 
an exploratory operation in the incipient stages of the disease because 


the condition has been mistaken for ruptured ulcer or acute appendi- 
citis. Protagonists of this school claim that these patients as a group 
do well. As a rule, they arc operated on when they are still in good 
general condition, before they bceomc dehydrated from prolonged 
vomiting or anorexia, and while the acute process is localised to nm 
site of origin and before it involve.s the pericholecvstic tissues and 
biliary passages. At this time, too, one i.s not so often called on to 
ci^t hemorrhage from friable, edematous, or indurated strueture.s, 

for Aui^. 1*1 injT 
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moviiifr downward. Tlio .safety pin i>rcventcd it from going upward. Tlie bowel ends 
irere thorofoic licld in po.sition in which they wore placed. Tlie slotted jiart of the tube 
drained any contents which might have accunuilnted in the rectid cavitv, A drainage 
tube wa.s introduced abdominally domi to the junction of the colon with the rectum. 

Tile convalescence of the patient was uneventful. Four weeks after the opera- 
tion, when it was found that the nunstomosis was firmly healed, a little local anes- 
thetic was injected into the small Strip of skin between the bowel ends and the spur 
of the midcolic anus was crushed. The artificial anus then closed naturally in a 
very short time. Four yctirs later, an x-ray (Fig. 20) .showed that this patient wa.« 
functioning perfectly and that no contraction had taken place at the telescopic union. 

Case B. — A female, aged fiftj--five years, who had a carcinoma of the lower end 
of the sigmoid, was operated on in the following stages: Stage 1 . — Disconnecting 
anus made at the proximal part of the transverse colon, when an exploration revealed 
a carcinonm situated close to the lower end of the sigmoid. 

Stage 2 . — Three weeks later; Besection of the lower end of the sigmoid and the 
upper part of the rectum, closure of the rectum, and implantation of the cut end of 
the sigmoid into the abdominal wall. Stage S . — Many months later when the patient 
was in good health : mobilization of the upper part of the sigmoid and the descend- 
ing colon, and the making of a telescopic anastomosis with the rectal pouch, the 
sphincter nni of which was dii-ided. This patient is now rvelJ and has functioned 
normally for sixteen mouths. 

RESULTS 

Tlio ett.se liislories (|iiotod are only a few e.\'aiiij)]e.s out of niaii.v of llic 
type of eases in Avliieh, with no other method, I eould acliieve Die stnm'. 
results. So far, the series of patients on tvliom I Imve oitcrated by the 
defunetioning method is not yet extensive enongli to make generaliza- 
tions. The immediate results in the patients on whom I have operated 
by this method, however, even in tlie most difficult cases, liave been so 
successful and show so clearly the great potentialities of operating by 
this principle, that surgery of the distal colon has no longer, for me, the 
anxiet)' that it formerly held. 

In cases in which a sutured anastomosis was made on the “dcfunc- 
lioned” colon, the convalescence of the patients was remarkably quiet 
and the abdominal cavity manifested no reaction of any sort. In one 
operation which involved the removal of a large carcinoma of the trans- 
verse colon adhering to an abdominal scar and also that of a segment oi 
small intestine, the subsequent convalescence was so smooth and so free 
from reaction that one could not but be struck with the very great ad- 
vantage of these operations on the “defunetioned” colon. 

I have been able to unite the sigmoid to the rectum in a very 
debilitated patient who snft’cred from diabetes, and who came into hos- 
piital with acute intestinal obstruction; to join up, under veiy adverse 
circumstances, the upper part of the sigmoid to the lower two-thirds of 
the vcctwn — and without using a single suture; to I’emovc growths of 
tlic sigmoid wliich at tiic first approach were inoperable ; and to slit up 
tJic sigmoid and remove single and multiple adenoma. I feel, therefore, 
tliat a method of opei-ating, -ivhicli has such potentiality for cure in the 
ja cases, is a method wliieli might ■well be the surgeon’s choice for 
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present, the presence or absence of stones, the number of previous 
attacks, general and local tissue resistance, and the acuteness and de- 
gree of the intei’ference with the blood supply to the gallbladder. It 
is well known that after the acute clinical signs in the right upper 
abdominal quadrant have subsided, and when the pulse rate and tem- 
perature have returned to normal, the operative and histologic picture 
ma}'' remain that of acute cholecystitis. In fact, one of the most inter- 
esting features of biliary disease, as "W. J. ilayo has so frequently 
pointed out, is the impossibility in many instances of correlating the 
clinical picture with the degree of inflammation in the gallbladder. It 
is therefore conceivable that the results of operation reported- for a 
series of cases in which a definite pathologic diagnosis of acute chole- 
cj'stitis has been made might be radically different from those re- 
ported for a group of cases in which the clinical signs and symptoms 
alone have been the basis of the diagnosis. 

Is the diagnosis of disease of the gallbladder to be based on the 
clinical, surgical, or pathologic findings? In few other diseases are 
the clinical and the pathologic diagnoses so likely to be at vai*iance. 
This fact has been emphasized also by Andrews, Heuer, and others. 
Cases in which a clinical diagnosis of acute cholecystitis has been made 
may fail to show er’idence of the acute process on pathologic exami- 
nation; and, conversely, cases in which inflammatioji in the gallbladder 
is considered from a clinical standpoint to be chronic not infrequently 
give evidence of acute or subacute disease histologically. How often 
does this occur? In an effort to clarify our own thought on these 
questions, we have reviewed the recent literature on the treatment of 
acute cholecystitis and have examined the histories in a consecutive 
series of cases of cholecystitis of all types in an effort to correlate the 
clinical, surgical, and palliologic findings. 


A group of 200 consecutive cases of cholecystic disease of all tj-pes, 
in which cholecystectomy was performed and microscopic sections were 
studied by Dr. A. C. Broders, was \ised as the basis for the following 
studies. The clinical, surgical, and pathologic diagnoses were noted 


in all cases (Table I). In 17G casc.s, for e.vample, a clinical diagnosis 
of chronic cholecystitis had been made, but only 129 (73.3 per cent) 
of these cases were classified as being chronic cholecystitis b^' the sur- 


geon at the tiine of operation. In 46 of these cases (26.1 per cent) 
the surgical diagnosis was subacute cholecystitis and 1 ease (0.6 per 
cent) was called acute cholecystitis. The pathologist, after gro.ss aud 
microscopic inspection, corroborated the diagnosis of cbrouic'eholeers- 
titis in only 100 cases (56.8 per cent). In 72 eases (40.9 per cent) the 
condition was found by him to be subacute cholecystitis superimposed 
on a chrome cholecystitis, aud in 4 eases (2.2 per cent) he found acute 
cholcc\ stills to be present. The remaining data are given in Table I 
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with possible injuiy to the common duet or tlie hepatic blood supply. 
The good results said to have been obtained in such cases and the low 
morbidity aud mortality recorded liave midoubtedly brought about 
the I’ecent wave of enthusiasm for “immediate" operation in cases of 
acute cholecj^stitis, 

“Immediate" operation, however, is also applied not only to cases 
in wdiich patients are operated on soon after their ai-rival in a hospital, 
but also to eases in wdiieli sucli patients may have suffered an attach 
of acute cholecystitis for several days before admission. Usually these 
are cases in which the patient has been guilty of procrastination, or 
in which the original attending phj'sieian has instituted conservative 
treatment as a primary procedure. Such patients are, as a rule, in 
poor condition for operation and the technical difficulties are in- 
creased at the time of surgical intervention. It is operations in this 
type of case' •which cause tlie advocates of “delayed" treatment to 
view' with some apprehension the teaching of those who advise prompt 
surgical intervention. For example, Zinninger reported the results 
obtained by “immediate" (on the patient’s admission to the hospital) 
operation in 35 cases. In 12 of the.se cases the duration of the attach 
•was less than fort.r-eight hours. There w'ere no deaths in the group. 
In 15 cases the attack had lasted for from tw'O to five days. One of 
these patients died, giving a mortality of 6.6 per cent. In 8 cases 
immediate operation wms performed after the patient had been sick 
for five or more da 3 'S at home. Of these patients 2 died, or a mortality 
of 25 per cent. 'While this sei-ies is small, at least it shows a trend of 
possible significance. 

Confusion is also caused b.v the fact that authors speak of “early" 
operation without a miiform definition as to wdiat the.y consider early 
to be. To one, “earlj'” ma,v mean operation -within thirtj'-six hours 
after the onset of the attack; to another it signifies operatio 2 i within 
five days of the onset of acute symptoms; and to a tliird, cases in 
which operation is performed at a later period may still fulfill the 
I’equirements of earlj' operation. On the other hand, at least one de- 
fender of the “delayed" treatment of acute eholecj'stitis said that he 
believed that the best policy was to hospitalize the patient for two, 
three, or four days, or longer, after the onset of the attack before 
surgical intervention was contemplated, depending on the clinical pic- 
ture present in the individual case. It seems reasonable to believe, 
therefore, that there is some duplication of material among those who 
are advocating “earlj'" and “delayed" treatment. 

Tliere are so many variable factors involved in a consideration of 
acute clioleeystitis that it is frequently difficult to tell not only the 
time of onset of the acute attack, but also the duration of the acute 
phase. These variables may include, among many others, the pres- 
ence or absence of an infecting organism and its virulence if one is 
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COMMENT 

The question that obviously suggests itself is -whether there can ever 
be auj^ uniformity in the treatment of acute cholecj'stitis, and furthex’- 
more, if such uniformity is desii-able? Is there necessarily only one 
way for all surgeons to ti'eat all patients xvith acute cholecystitis? 
Can so complicated a disease be reduced to such simple tei’ms as 
“houi'S after onset,” or “delayed,” “early,” or “immediate” opera- 
tion? In view of the many vai-iable factors that may complicate the 
individual case, it liardlj^ seems reasonable to believe that it can. 

We hax'e attempted to show the difficulties and uncertainties of accu- 
rate clnxical diagnosis. In the final aualj’sis, however, it appears that 
no rule of thumb can ever substitute efficiently and effectively for 
sound surgical judgment in the management of the individual case in 
xvhich there is an acute inflammatoi-y process in the gallbladder. 
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Tlicse figures serve to euipliasize l,lie frequent difficulty of accurate 
clinical diagnosis of the degree of inflannnation present in the indi- 
vidual case of cliolocj'stitis. 


'I’Aunn j. 


COliRELATION OE CUNICAL, SunoICAU, AKD PATIIOOOOIC DIAGNOSIS IN 200 CASES Of’ 
Disease op the Gaelbladdek 
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•In 1 adclitlonal case primary carcinoma of tlie gaiiblacldcr was present. 


In the luajoritj' of cases the total leucocyte count is an unreliable 
aid ill determining the degree of inflammatory reaction present in 
cholecystic disease. The presence of residual, localized, right upper 
quadrant tenderness of even a .slight degree, however, .should lead one 
to suspect that subacute cholecystitis may be present, although our 
studies indicate that this sign is also unreliable; when present, its 
interpretation is rendered difficult by the variation in the reaction of 
individuals to pain. 

In 174 of the 200 eases in this group the Graham-Cole test was per- 
formed. The gallbladder was shown roentgenographieally to be poorly 
functioning or to be nonfuuctioning in 71.S per cent of these eases. 
The test, however, was of little value in distinguishing the chronically 
from the subacutely, inflamed gallbladder. However, in the 5 cases of 
pathologically acute eholecj’stitis in which the dye excretion test was 
carried out, in not one ivas there normal function. 

Banniek has recently emphasized the value of the blood sedimenta- 
tion rate in following the progress of eases of acute cholec 3 ^stitis. For 
those ivho desire to wait until the acute process has subsided before 
oiierating, it would appear to be a more sensitive index than the total 
leucocj'^te count, the pulse rate and temperature, or the degree ot 
tenderness. Furthermore, failure of the sedimentation rate to return 
to normal after a proper trial of conservative management may indi- 
cate impending rupture or gangrene of the gallbladder and the neces- 
.sity for surgical intervention. 
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Fie- 3. — The left rectus muscle 1ms been freed and is suiTounded by loops of beef 
fascia. The rlKlit rectus imisclc is bcingr freed by blunt dissection. 



have been putxired on the anterior surf.aco of tlio muscles 
retfllnlnc them in tlielr nc»v position without tension. The medial borders of tlm 
mu.'clc.s have been approximated with interrupted No. 0 ciiromlc sutures. 

yjK. E.— inlon-upted mnttre.ss sutures of No. 1 ciiromlc c.atput have been placed 
tiie fascia la overluppod with running sutures of No. 0 cliromic caffrut pmeea. 





A RECONSTRUCTION OPERATION FOR DIASTASIS RECTI 


LfsiiIe V. Rush, M.D., and H. Lowri' Rush, Meridian, Miss. 
(From the Fiish Infirmary Clinic) 

A SATISFACTORY technique for the reconstruction of the abdomi- 
nal ivall in diastasis reeti provides for the transplantation of the 
rectus muscles to the midlinc with minimum injui’y to the nerve or 
blood supply, satisfactory fixation of the muscles in tliis position, nar- 
rowing of the rectus sheaths, and adequate strengthening of the fascia 
in the intermuscular area. Tlie metliod described below satisfactorily 
meets these requirements. 



Fig:. 1. — The incision. 


TECHNIQUE OP THE OPEIUTION 

A midiine abdominal incision is made, beginning at the xiphoid 
process and extending downward to the symphysis pubis, excising the 
umbilicus (Pig. 1). 

The anterior sheath of each rectus muscle is opened in its entire 
length at the medial border, resulting in two parallel incisions just 
lateral to the linea alba (Fig. 2). The fascia of the anterior sheaths 
is dissected laterally on either side and the rectus muscles gently 
freed from their beds by blunt dissection, care being exercised to pro- 
tect the nerves and blood vessels. 

Received tor publication, Aug-. 27 . 1937, 
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OSTEODYSTROPHY OP UNKNOWN ETIOLOGY* 

Case Report 

Edward L. Compere, M.D., and SIonroe Garrison, M.D., Chicago, Ile. 
(From the Department of Surgery, Division of Orthopaedic Surgery, 
University of Chicago) 

C ASES of multiple aucl progressive deformities of the skeleton which 
do not fit into any of the recognized classifications of skeletal 
dystrophies are onlj' occasionally seen. The following case of idio- 
pathic osteod 3 'strophy has been under observation at the Universit.v 
of Chicago Clinics for nine years and both the deformities and the 
resultant disabilities have progressed in spite of medical therapj* and 
repeated attempts at correction b.v means of surgical operations. 

A. K., male, aged fifteen j-ears, was fii'st admitted to the University 
of Chicago Clinics, Oct. 8, 1928, at the age of six years and eleven 
months, because of multiple progressive deformities and increasing 
difficulty in walking. He was the first-born child of parents who were 
first cousins, Deliverj' was completed with forceps after a labor that 
lasted for twenty-seven hours. No abnormalities were noted at the 
time of birth, but a few days later the mother found a small hard 
lump on the cranium just in front of the posterior fontanel. He was 
able to sit up at the age of nine months and never crawled on his 
hands and knees, but “scooted” along on his buttocks until he began 
(o walk at sixteen months. Prom the time that he began to talk his 
voice was observed to be raspy and lioarse. At eighteen montlis of 
age, tlie valgum deformit,v of his knees was noted, and without a 
definite diagnosis he was treated with cod liver oil, phosphorus, and 
Fowler's solution. Tliere was also a soft pea-sized tumor of the skin 
of the lower lip, a large soft tumor beneath the skin of the left flank, 
and a one-half l\v one inch-sized pigmented spot on the skin of the left 
side of the neck. 

A bilateral tibial osteotomy was performed at the age of two years, 
but when weight-bearing was resumed the valgum deformity of the 
knees recurred. An examination at this time revealed partial occlusion 
of tile bony canal of tlie left ear caused by a small exostosis with slio-ht 
iliminution of hearing. ^Yhen he was aged about three ycar.s, curvature 
of tlie spine and a bony growth on the plantar a.spcct' of the left cal- 
••anmis were observed. An attempt to correct tlie scoliosis and to 
striugb ieu the legs by operation was not succo.ssful. 

tt,e SmlU. Fo.mC.tton 

for pultitoatlon, Atiir. ”7, I93T, 

sor. 
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At a point about two inciies above the nmbilicus level, a strip of 
beef fascia is passed transversely behind the left rectus muscle and 
a loop formed ■which is held bj' an artery forceps. This same procedure 
is repeated at a point about one and one-half inches below the umbili- 
cus. (Fig. 3.) The medial end of each strip of beef fascia is then 
carried transversely to the right, anterior to the linea alba and poste- 
rior to the right rectus muscle. 

The rectus muscles are approximated and sutured to each other in 
the midline by interrupted sutures of No. 0 chromic catgut. The ends 
of the respective strips of beef fascia are brouglit over the anterior 
surfaces of the muscles and sutured to each other with No. 0 chromic 
catgut, thus forming a loop to retain the mnscles in their new position. 
(Fig. 4.) It is important that the loops be brought together not tightly 
enough to constrict the muscle. The anterior sheaths of the recti are 
then overlapped in the midliue by internipted mattress sutures of No. 
1 chromic catgut. A continuous suture of No. 0 chromic catgut fixes 
the free border of the fascia. (Fig. 5.) The skin is closed with figure- 
of-eight silkworm stitches. 


AFTER-TREATMENT 

The patient is kept in bed for three weeks after the o])eration. Jlns- 
c.ular exertion is avoided for two mouths. An abdominal support may 
be emplo.yed very wisely for several weeks after getting out of bed. 
After this period exercises are recommended, not only for the strength- 
ening effect, but also to encourage a compensatory thiekeiiing of the 
abdominal fascia. A protuberant abdomen maj- result from the pro- 
longed use of an abdominal girdle or support, due to atrophy of nonuse. 

SUMMARY 

All operation is described for the repair of diastasis of the rectus 
abdominis muscles. 

1. A long midline incision is made and the umbilicus excised. 

2. The muscles are dissected from their beds and retained in tlie 
midline by loops of beef fascia. 

3. The muscles are approximated in the midline b.y interrupted 
sutures. 

4. The fascia of the anterior sheaths of the rectus muscles is over- 
lapped in the midline. 

5. After-treatment consists of three weeks’ rest in bed and use of 
an abdominal support for six weeks followed bj* active exercise. 
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The past medical history of the patient was negative. He had com- 
plained of difficulty in swallowing and seemed to have more trouble 
with liquids than with solid foods. There was occasional nausea and 
emesis sometimes occurred immediately after eating, but no organic 
basis for this could be established. 

The family history revealed no other instance of any tjqie of con- 
genital abnormality or developmental, deformitj’’.. The one other child, 
a younger brother of the patient, is now twelve years of age, well 
developed and normal in every respect. 

Physical Examinaiioii . — At the time of his first admission to the 
Clinics, physical examination showed a slender, maldeveloped white 
male Avho appeared to be older than the stated age of seven years. 
Both trunk and extremities were long and angular, with gross de- 
formit}' of the calvarium, spine, thorax and lower extremities. (Fig. 
lA.) The abnormal findings at this time may be itemized as follows: 

Oct. S, 1928: 

1. ApyniiHctry of tlie face. 

2. Three small bony prominences (exostoses) along the parietal occipital suture 
line and a fourth over the lateral margin of the left orbit. 

3. Small raised tumor on the sclera of the left eye at about the five o'cloch 
position, 

4. Small, soft, pea-sized subcutaneous tumor on the lower lip. 

5. Small bony growth on the mandible below and lateral to the left lateral in- 
cisor. 

G. Hearing in tlio left ear slightly diminislied and a small exostosis partially oc- 
cluding the external canal. 

7. Palpable exostoses on the right transverse processes of the fifth and sixth 
cervical vertebrae. 

8. I..OSS of normal cervical curve and loss of motion in cervical spine. 

9. Brown pigmentation of tlie shin area 1.5 by 3.5 cm. on the anterolateral surface 
of the left side of the neck. A similar, but smaller area of pigmentation was pres- 
ent over the back of the left scapula. 

10. Flat chest; pot belly; beading of the ribs at costochondral junctions. 

11. Marked scoliosis of the spine and deformity of the sacrum. 


Tabi.e I 


DATi: 

snraiM 

rnoDDCT OF 
ca and p 

CALCIUM 

rnospiionus 


pn 

1929 

MG. 

rr.nrr.KTAor. 

MG. 

rr.ncKXTAQE 

VOL. 

percextage 


Aug. 17 
Aug. 20 
Aug. 22 
.\ug. 20 
Aug. 25 



59.30 

61.8 

G9.-1 

57.2 

63.8 

7.61 

7.57 

7.55 

7.57 

5G.S 

55.4 

67.4 



r.EM.VHKS 

PATr, 

VOL. 

2-1 non: 

srrciric 

GHAVITY 

CAi^ruxt 

mg. pet. 24 nouns 

Aug. 2- 
Aug. 27 

TOi) c.c. 
i TiPO o.r. 

1.020 

1.022 

105.7 

93.70 

On Ua bal.anco diet 

Regular hospital diet 
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When he was five years of age, a soft tissue tumor was observed on 
the sclera of the left e 3 ^e at about the five o^clock position and a bony 
exostosis in the left supraorbital rim was noted. In Januaiy, 1928, 
when he was six j'ears of age, he began to have pain in the left lower 
abdomen. This had recurred at intervals and was thought to have 
been caused by the scoliosis and vertebral exostoses. After a period 
of head and foot traction, osteotomies Avere again perfoi'ined and oral 
administration of calcium salts Avas begmi in addition to the cod Iwer 
oil, Avhich liad been continued since infanc}'. 



Fie- — Appearance of tlie patient on admission, aged sLv years ejevon months. 
The marked deformity of the lower e.\tremities. multiple exostoses, and the raemuc 
rosary are shown. The apparent asymmeto' m the length of the nnms is caused oj 
the scoliosis. The large lipoma of the left flank is not apparent in tills photograph. 

Fig. IB.— May 9, 1931, aged nine years. All deformities have Increased. The osse- 
ous growths on tibia, femur, pelvis, spine, and ribs and the bony tumor or the icn 
calcaneus have grown larger. 


Fig. IC. — Dec. 21. 1935. aged tiiirtecn years. 


At the time of his first admission to the University of Chicago 
Clinics, aged six j'ears and eleven months, his parents stated that all 
of the deformities had progressed in spite of the repeated osteotomies 
and attempts at correction. The bony growth on the plantar surface 
of the left foot had enlarged so that a shoe one and one-half sizes 
larger than the right AA’as necessary. This mass caused some pain and 
made AA-alking more difBcult. 


COMPERE AND GARRISON: OSTEODYSTROPHY OF UNKNOWN ORIGIN 


In August, 1929 (Table I), analyses of the blood serum showed nor- 
mal calcium, phosphorus, and carbon dioxide with a slight shift of 
the hj-drogen ion content toward the alkaline side. The excretion of 
calcium and phosphorus in the urine ivas also found to be within nor- 
mal limits. These determinations have been repeated at subsequent 
admissions but have never been found to be abnormal. 

Boenigenograpliic Examinations . — These have been made at intervals 
during the past seven j'ears and haA'e revealed progressive enlargement 
of the previously described bony exci’cscences and exostoses. 



KIk. 'J;; — IloenlKcnoKnitn. neo. 21. 193.i. nt the npo of thirteen ye.trp. The o-stconias 
of the e:il\‘nrhini .‘^how eh.'iraelerl.^tlc th'cre.'iae in alze and density. 


The skull (Fig. 2) .sliotvcil smootlily rounded o.s.«oou.s growths 1 to 2 cm. in dinmeter 
on the outer tnhle of the calvtvriuin in the left iiarietal and occipital regions; there 
wore no visible changes on the inner table. 

The spine (Fig. .'t) showed a marked double-curved .scoliosis, with small e.vosto.se.s 
from the transverse processes of the fifth and .sixth eerviciil vertebrae and wedgine of 
the Inmhnr vertebral bodies. 

Ro'ntgenographic exatniaation of the ladvis (Pig. - 1 ) showed gross deformitv of 
the iH'ltie bones. The outlet was narrowed and compressed to the left side ' Ir- 
regular bony e.xcre,sceaees were present on the ilinm above each acetabulum.' The 

head and neck of each femur showed cortical thinning will, progrossivelv enlarging 
exosto.es on the greater trocanlcrs. enlarging 
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1-. Soft, freely movable subeutancouB tumor in the left flank, 8 by 5 by 2 cm. 
1.'!. Lnrjjo, irregular exo.stoscs over the left hip joint and greater trochanter. 

14. Bilateral knoede knee dcformitie.s with large irregular exo.sto.Mos on the condyles 
of both femurs and tubero.sities of the tibins and on the right patella. 

15. Deformity and irregular cxosto.sis of o.s calcis and tnrsals of the left foot. 
IG. Hard, firm, opaque mass 1 cm. in diameter in the upper portion of the left 

epididjTnis. 

17. Scars of previous osteotomy operations over femurs and tibias. 

18. The upper extremities were thin but presented no gross abnormalities or os- 
seous deformities. 



Progression of the deformities is shown in Fig, 1, B and C. The blood B assermann 
and Kahn tests were negative. Hemoglobin was CO to 0.5 per cent. 

Becavise oC tlie pigmented areas, the multiple soft tissue tiimois and 
the extensive osseons involvement, a tentative diagno.sis of von Kec v- 
linghansen’s neurofibromatosis was made. Examinations of portions 
of the bony tumors excised at the time of subsequent attempts to cor- 
rect the deformities by osteotomy failed to show the microscopic 
picture of neurofibromas. 
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Oct. 9, 1999 . — The small exostosis in the superior line of the left orbit was ex- 
cised. This was covered with fibrous tissue and was spongy within. A pea-sized 
pigmented tumor was also removed from the left lower lip. The orbital mass proved 
to be a dense e.\-ostosis containing no cartilage. The soft tumor from the lip showed 
a mass of connective tissue in bundles of striated muscle containing some hair 
follicles. There was no evidence of neoplastic change or of neurofibroma. 

Aug. 29, 1933. — X unilateral epiphyseal arrest was performed on the medial side 
of the distal femoral and proximal tibial epiphyses. Microscopic sections of the 
tissue removed showed normal bone and cartQage. 

The patient was readmitted at intervals for observation and in 
January, 1933, he developed a right otitis media which has continued 
to discharge. The last hospital admission was in May, 1936. At this 



FIk. 4. — Amcropo.stcrlor roonteenogr.im of himbosacral spine and pelvis. Dec. 21 
.aped tlilitcon year.®, n-irce bony prowtlis jut from the upper margins of both 
acct.abula. Tlip rlglu caput and collis femorls arc deformed and tlicrc Is marked 
ItpplnB of the lower margin of tlic rlglit acetabulum. 


time all of the deformities had iiieroascd so that walking was possible 
only with the aid of a cane. The .skin and the subcutaneous tissue over 
the sole of tlie left foot have gradually hypertrophied until it presents 
the appearnnee of a coarsely corrugated, brownish mushroom-like 
growth. He has continued to attend .school and to maintain his work 
with the aver;i"o of ]iis class. 




llnnv reiioi ls (.f oxiislos.-s ,>r «f recl.Milrescs involving one or more 
l«.nee of ,1„. bn.lv ,„nv be i„ „.e li,c,,,„re. bnt general skeletal 
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In examination of the knees (Fig. 5), the patellae were irregular, enlarged, and 
several bony masses were present anteriorly in tlio soft tissues below the right knee. 

In the feet (Fig. G), a mass of bone representing paraosteal ossification was 
present on the posteroinferior surfaces of the left calcaneous, and a smaller growth 
waSj present on the inferior aspect of the left cuboid. The cauliflower-like changes 
of the skin over this os caleis are shown in Fig. 7. A composite diagrammatic 
presentation of the skeletal changes is shown in Fig. 8. 

. Operations since his first admission to the University of Chicago 
Clinics include; 

Sept. 4, 19S9 . — A large soft tumor 10 by G b}- 2 cm. was e.\cised from the left 
flank, and this was found to be a flat o\-al lipoma. At the same time the tumor in 
the left epididymis was excised and proved to be a bluish cyst about 1 cm. in di- 
ameter. Microscopic examination revealed a hemorrhagic papillary cystoma. 



Fie- 3. — Roentgenogram, Dec. 21, 1935, aged ’’^n^tho 'trans- 

of the cervical and upper thoracic spine. Bony gremths maj be n 
verse processes of the fifth and sixth cervical vertebrae. 


Sept. 10, 19S9. — A marble-sized mass of irregular bone was removed from the 
left cuboid on its plantar surface, and osteotomies were performed on the tibiae in an 
attempt to correct the genu valgum deformity- The mass of bone removed from t lO 
foot was studied microscopically and consisted of cancellous bone with some fibrous 
callous. There was no picture of true tumor bone. The section from the site of the 
osteotomy in the tibia revealed a thin cortex with tliick fibrous periosteum. The 
cancellous bone was atrophic and the marrow spaces were filled with fat. 
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Pie. 6. — Latei-al roentgenogram of the left foot, aged thirteen years. There is 
bizarre overgrowth of paraosteal bone about the calcaneus and cuboid bones ■with 
fusion at the lateral side of the transverse tarsal joint. A portion of the osseous mass 
has been I'emoved from the cuboid. The free bony piece previously seen above tiio 
calcaneus has enlarged and united to both calcaneus and talus. 
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Pip. 6. — Lateral roentpenopram of the left foot, aped thirteen years. Tliere is 
bizarre ovcrgrorvlh of paraosteal bone about the calcaneus and cuboid bones witli 
fusion at the lateral side of the transverse tarsal joint. A portion of the osseous mass 
has been removed from the cuboid. Tlie free bony piece previously seen above tlic 
calcaneus has enlarged and united to both calcaneus and talus. 
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defomity is rarelj’^ caused by oi* associated witb these typically benign 
growths. Kaufmann^ describes a case designated as exostosis eartila- 
ginea multiplex, in which numerous chondral tumors existed at dif- 
ferent sites on the skeleton. Particularly in this type of ease may 
the pelvis be involved and defoimed, iiroduciug an acanthopelvis or 
a pelvis spinosa. JIultiple bonj' exostoses may occur in the region of 
the acetabulum and pelvic joints, and these often encroach upon the 
pelvic cavity. In our case however, the typical cartilage cap on the 
cartilaginous exostoses was lacking, and although some microscopic 
sections show cartilage-like cells such as may be found in callus, the 
growths are definitely osseous. 

Edberg,^ in a studj^ of seven eases of multiple exostoses of the long 
bones, attributes the condition to regressive or aplastic changes in the 
thjwoid. Yon Haberer- noted that these multiple tumors frequently 
lead to growth disturbances of the bones because of encroachment on 
the epiplij'seal lines. Kaufmann also describes the coincident occur- 
rence of pigmented .spots, telangiectatic formations, and lipomas. He 
believes that the multiple cartilaginous exostoses originate from car- 
tilage islands displaced from the growth cartilages. In one of his 
cases, the subject showed over a thousand exostoses, but there was no 
general skeletal deformity. Exostoses of the calvarium tend to be 
static, exi.st at the time of or .shortly after birth, and do not show com- 
parable tendencj' to enlargement .shown by similar tumors on the long 
bones. 

In the ease which we are reporting, progression of the deformities 
in spite of vitamin D medication would seem to eliminate rickets as 
an etiologic factor. You Recklinghausen’s disease of bone was excluded 
by finding normal mineral metabolism and by microscopic study of 
the bones themselves. Generalized neurofibromatosis with skeletal 
involvement was considered but mici'oscopic sections of neither the 
bone nor the soft tumors showed the picture characteristic of this 
disease. Normal renal function excludes renal rickets. The etiology 
of tlic di.sease may be one of primary germ cell injury or defect and 
therefore a congenital developmental anomaly. 


SUMMARY 

1. A case of progressive osteodystrophy of unexplained etiology with 
marked skeletal deformities and multiple benign tumors of bones 
skin, and subentaneon.s ti.ssue has been described. 

2. The skeletal features of this case include the formation of mas- 

sive, irregular e.xostoses of the calvarium, mandible, thorax, spine 
pclvi.s femora, tibiae, and left os calcis, associated with deformities of 
1... . I 0 »..r a„<I „pp„ eHrcmiUcs. 

'« oI'Mk the progress ot 
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SPINA BIFIDA OCCULTA 

With Report of a Case in Which T^ERE Was an Ogchet 
Myelomeningocele 

Harold P. Buchstein, M.D.,* and J. Grafton Loye, M.D., 
Rochester, Minn. 

(From the Mayo Foundation and the Section on Nettrologic Surgery, the Mayo Clinic) 

S PINA bifida occulta is not an nnconiraon finding in routine roent- 
genograms of the spinal column. In a review of 12,000 such roent- 
genograms, Sutherland found evidence of spina bifida occulta in 
more than 5 per cent. In 70 per cent of the cases the first and second 
sacral vertebrae were the site of involvement; in another 25 per cent, 
the last lumbar vertebra was involved. In such roentgenograms one 
or more of the vertebral arches will be seen to be defective in that the 
two laminae have failed to fuse in the midline. This results in the 
formation of a defect or hiatus in the bony posterior wall of the verte- 
bral canal. In most instances there is no accompanying visible aber- 
ration in the overlying cutaneous and fibromuseular tissues and the en- 
closed nervous elements function normally. Such cases are of interest, 
so far as the spina bifida occulta is concerned, only as slight anatomic 
variations. Steindler has questioned whether the condition should be 
considered pathologic unless it persists beyond the eighth year of life. 
Less commonly, however, there are seen cases in which the vertebral 
defect is complicated by emdeuce of nervous dysfunction and, usually, 
by gro-ss evidence of malformation in the overl.png tissues. These 
patients present interesting problems in diagnosis and treatment. 
They come to the attention of pediatricians, urologists, orthopedists, 
neurologists, and neurosurgeons. 


AN.\T0M1C and l»ATII01A)Gle rON.SlDEKATlON 


Spina bifida occulta has been well defined by Bncy as “a condition in 
which there is a defect in the posterior neural arches without any e.x- 
ternally visible malformation of the spinal cord, its nerves or me- 
ninges." When such a malformation is visible externally, it is termed 
si)ina bifida cystica (or more commonly, .simply spina bifida) and mav 
be further subdivided into meningocele, meningomyelocele and 
myelocele. ' ’ 


1 he origin of tliese related defects may best be understood bv trac- 
me l.ncHv il„. .Icvclopmcnl of llw involved sln«l,ircs=« The 

nv^ .nhv, ,v|,ich n-iil ovolve .ho o„i„„l o„r,l „„<I i.o'non-cs! 

K<-,1 for i.uWli'.itiini. .Dip. 11, jj;- 
Toll.nv in N..uron..rr.-ry. U,o MnyoVound.itlon, 
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and tile skin of the back are botli derivatives of a single sheet of epi- 
blastie (ectodermal) tissue. The neural tube has formed and is com- 
pletely separated from the overljdng skin by the end of the third week 
of fetal life. At the same time lajmrs of mesoblastic (mesodermal) 
tissue have interposed themseh’'es between the skin and neural tube 
and have joined in the midline. . Prom these are derived the spinal 
meninges, the vertebral column, and the overlying muscles and fibrous 
tissue. The vertebral bodies have formed and their arches are closed 
63’- the end of the eleventh week of fetal life. At the time of their 
formation, the spinal cord and the vertebral column are of . equal 
length and each segment of the spinal cord lies opposite the corre- 
sponding vertebral bod3^ The paii’ed spinal nerves pursue a direct 
course from the spinal cord to the intervertebral foramina. From tbe 
third month of fetal life on, howevei’, the growth of the spinal cord 
fails to keep pace with that of the spinal column. As a result, the 
loiver end of the spinal cord, the conus medullaris, comes to lie pro- 
gressivel3'^ higher and higher in the vertebi-al canal, until in the adult 
it reaches onl3’’ to the lower border of the first lumbar vertebra. Dur- 
ing this (apparent) ascent of the .spinal cord, its nerves have neces- 
saril3’' become elongated and now pursue a diagonal course to the 
intervertebral foramina. This elongation is the most marked in the 
lumbosacral region and results in the formation of the apt!3’’ named 
cauda equina. The spinal cord retains a permanent connection witli 
its original site of termination b3’- means of the filum terminale, a 
thin fibrous strand extending from the tip of the conus medullaris to 
the posterior surface of the coccyx. 

Spina bifida in an}' of its forms represents a perversion or arrest of 
this normal scheme of development of the spinal cord and its cover- 
ings. Speeifieall}^, it is a failure of the neural tube to close proper!}’ 
in the midline or to separate eompletel}'- from the overlying skin. 
Furthermore, the mesodermal tissues either fail to fuse or are pre- 
vented from fusing in the midline. The etiologic factor’s underlying 
these pei’versions of development are apparently many and complex, 
and may vary in diflferent eases." Some authors have postulated that 
the primary defect lies in the neural tube itself (Fuchs). Recently, 
the importance of the mesodermal structures has been emphasized by 
Ditti’ieh, who pointed out that the bony tissue is phylogenetically 
the youngest, and, therefore, pi’esumablj'' the least stable tissue pres- 
ent. Whatever the noxious influences may be, they must be active 
during the early weeks of fetal life. 

The anatomic findings in cases of spina bifida occulta are extremely 
variable. By definition, the only constant feature is a defective for- 
mation or closure of one or more vertebral arches. One or more ver- 
tebrae may be involved, most eommonl}- the last lumbar or first sacral. 
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The cervical vertebrae are less frequentl3’^ involved and the thoracic 
vertebrae are onlj' rarelj' involved. The vei'tebral laminae are absent, 
foresliortened, or malformed and do not meet in the midline. They 
maj' be of normal length but majLlie in different planes and therefore 
may not meet.^^ There is no spinous process. It must be noted, how- 
ever, that defects apparent in roentgenograms taken during eliildhood 
maj" be more apparent than real in that thej' maj’' represent normal^ 
formed but, as j^t, imperfectly calcified laminae. 

In some cases, including most of those in which there are clinical 
sj'mptoms, the iiresenee of spina bifida occulta will be betraj'ed bj’^ the 
appearance of the overl3dng .skin. There ma}^ be a small depression 
or dimple over the vertebral defect. In the lumbosacral region this 
is known as the fovea cocc3-gea or fovea saeralis; it has been re- 
garded as a certain indication (in the adult) of an undei-l3nng spina 
bifida occulta." In some cases a thick patch of hair, an area of pig- 
mentation, or an area of telangiectasis ma3^ overlie the defect. In 
still other cases, a fibrolipomatous mass will occup3" the subcutaneous 
tissues and cause a gentle elevation of the surface of the skin. 

The hiatus in the defective vertebral arch ma3' be patent or it ma3' 
be closed b3' a tough membrane, which von Eecklinghausen named 
the “membrana reuniens posterior.” This ma,y, in some instances, 
become much thicker than the bone which it replaces and ma3' then 
protrude into the vertebral canal, narrow its diameter, and at times 
compress the spinal cord. The membrane frequenter is attached to 
the overlying skin b3' a tough band of connective tissue. It raa3', 
likewise, be attached to the underl3’ing dura. At other times there 
may be a cleft in the membrane througli which passes a fibrous strand 
that connects tlie skin and dura. This strand 11103% at times, be canal- 
ized and form a so-called congenital dermal sinus whieli is compaimble 
to a pilonidal C3'st {Walker and Bucy). Any of these unnatural attach- 
ments to the dura may angulatc it, produce deformit3- of the dural 
sac and at times cause comprc.ssion of the enclosed cord and nerves. 


The defects in the nervous tissues are of greatest importance but 
little is known about them. Frazier and Dittrich expressed the 
opinion that in ea.ses of spina bifida occulta the spinal cord and its 
nerves are usually normally developed and that any degeneration in 
them is secondary to (iressure from deformed meninges and vertebrae. 
Misicr nhserved that the nerve ti.ssue, as seen at operation, is usually 
defcimed; the most common malformation is a fusion of the eaud'a 
equina into a single irregular bundle which has the appearance of a 
small spinal coni. Fuchs maintained that tiie spinal cord is alwavs 
deformed m eases of spina bifida occulta and applied the tenn ”mV- 
e odysplasm to this condition. Jle reported several cases i.i which 
the fa.lnre of ,lors,-d f„s,on was limited to the .spinal cord; the verte- 
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and the skin of the back are both derivatives of a single sheet of epi- 
blastic (ectodermal) tissue. The neural tube has formed and is com- 
pletely separated from the overljdng skin by the end of the third week 
of fetal life. At the same time la3’^ers of mesoblastic (mesodermal) 
tissue have interposed themselves between the skin and neural tube 
and have joined m the midline. Prom these are derived the spinal 
meninges, the Amrtebral column, and the overljdng muscles and fibrous 
tissue. The vertebral bodies have formed and their arches are closed 
bj”- the end of the eleventh week of fetal life. At the time of their 
formation, the spinal cord and the vertebral column are of equal 
length and each segment of the spinal cord lies opposite the corre- 
sponding vertebral body. The paired spinal nerves pursue a direct 
course from the spinal cord to the intervertebral foramina. Prom the 
third month of fetal life on, however, the growth of the spinal cord 
fails to keep pace with that of the spinal column. As a result, the 
lower end of the spinal cord, the conus medullaris, comes to lie pro- 
gressively higher and higher in the vertebral canal, until in the adult 
it reaches onl5’^ to the lower border of the first lumbar vertebra. Dur- 
ing this (apparent) ascent of the spinal cord, its nerves have nece.s- 
sarily become elongated and now pursue a diagonal course to the 
intervertebral foramina. This elongation is the most marked in the 
lumbosacral region and results in the formation of the aptly named 
cauda equina. The spinal cord retains a permanent connection with 
its original site of termination b.v means of the filum terminale, a 
thin fibrous strand extending from the tip of the conus medullai’is to 
the posterior surface of the eoccj’^x. 

Spina bifida in anj^ of its forms represents a perversion or arrest of 
this normal scheme of development of the spinal cord and its cover- 
ings. Speeificallj'^, it is a failure of the neural tube to close properly 
in the midline or to separate completely from the overl3dng skin. 
Furthermore, the mesodermal tissues either fail to fuse or are pre- 
vented from fusing in the midline. The etiologic factors underl3dng 
these perversions of development are apparently' many and complex, 
and ma3' vary in different cases.-" Some authors have postulated that 
the primaiy defect lies in the neural tube itself (Pucbs). Decently, 
the importance of the mesodermal structures has been emphasized by 
Ditti’ich, who pointed out that the bony tissue is phylogenetically 
the youngest, and, therefore, presumably the least stable tissue pres- 
ent. Whatever the noxious influences ma3'^ be, they' must be active 
during the early' weeks of fetal life. 

The anatomic findings m cases of spina bifida occulta are extremely 
variable. By* definition, the only constant feature is a defective for- 
mation or closure of one or more vertebral arches. One or more ver- 
tebrae may- be involved, most commonly- the last lumbar or first sacral. 
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Tlie cervical vertebrae are less frequently involved and the thoracic 
vertebrae are only rarely involved. The vertebral laminae are absent, 
foresliortened, or malformed and do not meet in the midline. Thej 
may be of normal length but may lie in different planes and therefore 
may not meet.“ There is no spinous process. It must be noted, how- 
ever, that defects apparent in roentgenograms taken during childhood 
maj' be more apparent than real in that they may represent normally 
formed but, as yet, imperfectly calcified laminae. 

In some eases, including most of those in which there are clinical 
symptoms, the presence of spina bifida occulta will be betrayed by the 
appearance of the overlying skin. There may be a small depression 
or dimple over the vertebral defect. In the lumbosacral region this 
is known as the fovea eoce3"gea or fovea sacralis; it has been re- 
garded as a certain indication (in the adult) of an uuderljdng spina 
bifida occulta." In some cases a thick patch of hair, an area of pig- 
mentation, or an area of telangiectasis maj^ overlie the defect. In 
still other cases, a fibrolipomatous mass will occupj' the subcutaneous 
tissues and cause a gentle elevation of the surface of the skin. 

The hiatus in the defective vertebral arch may be patent or it may 
be closed by a tough membrane, which von Eecklinghausen named 
the “membraua reuniens posterioi’.” This maj', in some instances, 
become much thicker than the bone which it replaces and ma.v then 
protrude into the vertebral canal, narrow its diameter, and at times 
compress the spinal cord. The membrane frequently is attached to 
the overlying skin bj' a tough band of connective tissue. It maj*, 
likewise, be attached to the uuderljing dura. At other times there 
ma.v be a cleft in the membrane through which passes a fibrous strand 
that connects the skin and dura. This strand maj', at times, be canal- 
ized and form a so-called congenital dermal sinus which is comparable 
to a pilonidal cyst (Walker and Buey), An.v of these unnatural attach- 
ments to the dura may angulate it, produce deformitj- of the dural 
sac and at times cause eompre.ssion of the enclosed cord and nerves. 


The defects in the nervous tissues are of greatest importance but 
little is known about them. Frazier and Dittrich expressed the 
oi)inion that in eases of spina bifida occulta the spinal cord and its 
nerves are usually normally developed and that any degeneration in 
tliem is secondary to pressure from deformed meninges and vertebrae. 
MiM.r observed that the nerve tis.sue, as seen at operation, is usually 
.lefo, tiled; the most common malformation is a fusion of the eaud'i 
equina into a single irregular bundle which has the appearance of a 
Miiall spn.al cord. Fnehs maintained that the spinal cord is ahvavs 
deformed m eases of sputa bifida occulta and applied the term “mV- 

: ; srif ^ -- in -hiin 
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brae were nornial, Woltiuan also bas reported tiiree siieli cases. 
Mueli of tlie eoufusioii evideueed by these discordant opinions may he 
attributed to differences in the definition of terms and to a surprising 
paucity of careful anatomic studies of cases of spina bifida occulta. Li 
tbe. absence of such knowledge, positive statements are not warranted. 
It is certain, bowever, tliat wbat may grosslj^ appear to be a normal 
si)iual cord will be found, upon careful examination, to be bydro- 
myelic ; that is, to have an abnormal^ large central canal, presumably 
tbe result of faultj' closure of tbe neural tube. Sucb a defect need 
not impair tbe fiuietion of tbe cord unless it be pi’esent in marked 
degree. At times tbe spinal cord is found to terminate at an abnor- 
mally low level. 

Some of the defects wbieb may be present in tbe spinal dur<a have 
alreadj' been mentioned. Tbe dima may be enlarged generally or 
locally. In tbe latter case tbe outpoucbing of dura will constitute a 
meningocele; or if it contains nerve elements, a myelomeningocele, 
wbieb in this ease will be occult since, bj^ definition, it cannot make 
its presence known bj' visible protrusion. Such an occult meningocele 
or 2 n 3 ’’elomeningoeele will usuallj’’ pass through the hiatus into tbe 
subcutaneous tissue, but not to the surface of tbe skin. We liave en- 
countered a case (to be related in detail later in this paper) in wbieb 
a hitherto unreported anomaly^ was discovered; namelj’-, an occult 
m,yelomeningoeele in which tbe dural cyst, instead of passing out 
through tbe hiatus, remained within tbe confines of tbe vertebral 
canal, u’bere it acted as an extradui’al tumor of tbe spinal cord and 
compressed tbe fibers of tbe cauda equina. 

Tbe frequent association of benign neoplasms and spina bifida oc- 
culta bas been noted, Lipomatous masses very commonly are found 
either in tbe subcutaneous tissues or in tbe vertebral canal, where they 
may lie extradurallj'' or intradurally, intimately attached to tbe fibers 
of tbe cauda equina. They maj' be of “dumbbell" or “hourglass’ 
shape, with tbe narrow portion occupying tbe hiatus in tbe vertebral 
arch. Dermoids, when present, usually lie extradurally. Exostoses 
have been found encroaching on tbe vertebral canal in tbe region of 
a spina bifida occulta.^ All of these may act as tumors of tbe .spinal 
cord. 

Developmental anomalies elsewhere in tbe body are frequently noted 
in conjunction with spina bifida occulta. These maj'’ be divided into 
tlioso wliicb are coincidental, as hj'droeepbalus, absent vertebrae, cleft 
palate, congenital dislocation of the hips, syndactylism, cryptorchidism 
and ectopia of the bladder ; and those which ma.v be presumed to be 
secondary to the neiu-ologic defect inherent in the spina bifida oc- 
eulta, as pronated feet, talipe.s equinus, and hammer toes. 
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SYMPTOMS 


The symptoms of spina bifida occulta, when any are iiresent, aie 
the result of neural dysfunction. Unless present from birth oi in- 
fancy, they commonly make their appearance at the time of pnbeity 
or during early adult life. This circumstance is related to the fact 
that there occurs at this time a period of raj)id body growth, as a 
result of which mechanical stresses are applied to the nervous tissues. 
The malformed spinal cord and meninges maj’- be prevented by im- 
natural attachments from undergoing the changes incident to the 
lengthening of the cauda equina. Abnormal structures, such as the 
membrana reuniens and benign tumors, may enlarge to a point where 
they begin to compress the nervous elements. It has likewise been 
proposed that the myelodysplasic spinal cord maj’’ be less able to with- 
stand normal stresses than the normal spinal cord. 

The sjTnptoras produced by spina bifida occulta will, of course, vary 
with the segment of the spinal column involved. Practiealh', however, 
lumbosacral spina bifida occulta is most worthy of consideration since 
it occurs so much more frequently than any other form. The most 
common symptoms of lumbosacral spina bifida occulta are related to 
the urinary tract; persistent enuresis is an outstanding symptom. 
Among twenty-two adults who had noeturnal enuresis, Peritz found 
that G8 per cent liad lumbosacral spina bifida occulta; among a like 
number of children, the incidence of spina bifida occulta was 35 per 
cent, hlore serious interference with the neuromuscular function of 
the urinary tract may produce urinary retention, with or without 
overflow incontinence, and may lead at times to hydro-ureter and 
hydronephrosis. Mertz attributed the “idiopathic congenitally dilated 
ureter” to spina bifida occulta. Impotence may occur among men. 
Rectal dysfunction is much less frequent than vesical dysfunction. 

'Motor and sensory disturbances may occur in any segment of the 
spinal column. Lumbosacral Ic.sions may produce the syndrome of 
tumors of the conus medullaris or cauda equina. The paralysis in the 
extremities may be flaccid or spastic-, foot-drop is a common symptom. 
If the i)aralysis is present for a considerable lime, muscular atrophy 
will .supervene. So-called virginal prolapse of the uterus, appearing 
in infancy or among nulliparous women, has been attributed to weak- 
ening of the muscles of ilic pelvic floor secondai-y to spina bifida 
occulta.’^ Interference with the motor and vasomotor jiei-ve.s to the 
lower extremities by siiina bifida occulta ha-s been considered a fre- 
<iuent cause of hollow and clawed feet and hammer toes parficularlv 
wlum these deh.rmitics malm their appearance or become pro-ressivelv 
worse after birth.’- n 
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lumbar segments, a' so-called saddle anesthesia. Other distributions 
may, of course, occur. Thermal anesthesia, which is said to be more 
marked than other qualities of sensation, may lead to serious burns. 
Pain of sciatic distribution rarelj^ is a sj-mptom. 

Another group of ,s3'mptoms eloselj'^ related to the motor and sensory 
I)aral.yses are the so-called trophic disturbances. These are connnon 
about the feet in eases of lumbosacral spina bifida occulta ; they have 
been observed in the hands in cases of cervical spina bifida occulta. 
Ulcers are prone to form and reluctant to lical. An indolent ulcer should 
ahvaj's make one suspicious of spina bifida occulta. The skin may be tliin 
and glazed, and terminal atrophy and gangi-ene of the digits have been 
seen. 

The weakening of the skeletal structure of the back as a result of 
spina bifida occulta has been considered a cause of low back pain and 
habitual scoliosis. The etiologic I’clationship here is speculative. 

DIAGNOSIS 

The diagnosis of spina bifida occulta is easilj" made if the condition 
is suspected. Phj’sieal examination may suggest the diagnosis even 
when the condition is not suspected. One of the lesions of the skin 
maj’- direct attention to the spinal column. The examining finger may 
detect the absence of one or more vertebral spines and pressure over 
this defect may cause pain which will extend to the extremities.'' 
Roentgenograms of the spinal column furnish objective evidence of 
the vertebral defect and its extent. In the presence of such a defect 
and in cases in which the characteristic sj^mptoras are present, careful 
neurologic examination should be made and the functional state of the 
vesical sphincters should be determined. Other possible causes of the 
sj^mptoins must, of course, be eliminated before attributing them to 
spina bifida occulta. 

The most important step in the diagnosis is an estimation of the 
relative roles played by mj-elodysplasia and by mechanical compres- 
sion of nerves in the production of the sj'mptoms. Such an estimate 
is essential, for on it depends to a large degree the adoption or rejec- 
tion of surgical treatment. Careful consideration of the histor.y, with 
particular reference to the chronologj’' and progression of the sj'mp- 
toms, and careful consideration of the present neurologic status of the 
patient are necessary. Defects and dj^sfunctions which wore present 
at birth and have not been progi’essive are Iikel3' to be the result ot 
malformation or permanent injur3’’ of the .spinal cord and nerves. 
■When the symptoms make their appearance during life, particularly 
if they are progressive, mechanical interference with nerve function 
is Kugge.sfocl. Botli congenital and mechanical lesions ma3', of course. 
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be present together in any case. The introduction of radiopaque oil 
(lipiodol) into tlie suharaclmoid space, with subsequent roentgenoscopic 
and roentgenographic observation of its movement and distribution, 
occasionally has been found valuable in visualizing the condition of 
tile nerves and the presence of subarachnoid block.^'*’ However, this 
procedure is not entirelj’ without risk and should rarely be necessarjn 
Lumbar punctures should be performed with great care in the region 
of a spina bifida oecidta, as there is danger of injuring abnormal nerve 
tissue.^ 

We have observed a case which illustrates well a number of points 
in connection with the diagnosis and treatment of spina bifida occulta 
and which demonstrated the beneficial results of neurosurgical inter- 
vention in suitable cases. There also was a unique pathologic finding. 


REPOKT OP CASE 


A in;m, aged tliirtj’-eiglil years, registered at tlie Mayo Clinic on Aug. 15, 1935, 
com|)lainiiig of deformity and chronic infection of liis left foot which liad been 
present for ton years. He was tlie father of a normal child. Ten years before he 
came to the clinic a “hammer too” deformity of the second toe of the left foot had 
developed ; this had been corrected surgically. Shortly thereafter, the patient had run 
a nail into the solo of his left foot near the head of the second metatarsal bone. 
An ulcer had developed at this point and had drained intermittently. Fle.vion de- 
formities of several other toes also had developed later and the patient liad noted the 
appearance and gradual spread of anesthesia over his left foot. In recent months, 
l)efore he came to the clinic, he had been forced to use crutches in order to get about, 
because painful and infected callosities had developed on the sole and heel of the left 
foot. 

Examination revealed a small dimple in the shin over the lumbosacral junction. 
There was a hammer-toe deformity of the second too of the right foot. The second 
too of the left foot had been surgically removed. The .shin of the left foot was 
smooth and thin; on the plantar .surface, between the heads of the second and third 
met.atar.sal bones, was a draining sinus. The lateral aspect of the heel was covered 
with a e.Iironically infected callosity. Neurologic examination revealed that the 
nmscles of the right leg and rigid foot were moderately weak and sliglitly at- 
ropliieci. The hamstring refic.x and Acliillos refle.x were absent on the left siile. 
There was a defii\itc hyperesthesia to all forms of sensation over llie left foot and 
lateral aspect of the left leg. Laboratory examination of tlic blood and urine did 
not reveal anything nhnornial. A flocculation test for .sypliilis was negative. 
Koemgenograms of the left fool showed no active infection in the metatarsal bones. 
The ro.-ntgenngram of the lumhnsaeral region revealed a spina bifida occulta of the 
first sacral segment witli deformity of the areii of the last lumbar vertebra. A 
diagnosis of siiirni bifida occull.a with myelodysplasia was made and exploration was 


Un Aug. g:;. l-.i:;.-,, „«e of u- (.7. (}. L.) performed lamineefmuv tlirough a mid- 
line shm me, Men wul, llie sacral dimple as i(s mulpomt. When flic deformed 
laminae of the lau lumbar and fir.-t .racral vertebrae were removed, there was e.xposed 
a bulging tumor nine , had tlie apiH-arance of the dural sac and which pulraJd as 

wore found to be ,hinner than normal. The tumor cLld 
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lumbar segments, a so-called saddle anesthesia. Other distributions 
may, of course, oecu:’. Thermal anesthesia, which is said to be more 
marked than other qualities of sensation, maj* lead to serious burns. 
Pain of sciatic distribution rarely is a symptom. 

Anotiier grou}) of .sjunptoms closely related to the motor and sensor.v 
paralyses are the so-called troirhie disturbances. These are common 
about the feet in cases of Inmbosaeral spina bifida occulta; they have 
been observed in the hands in cases of cervical spina bifida occulla. 
Ulcei's are prone to form and reluctant to heal. An indolent ulcer should 
always make one suspicious of spina bifida occulta. The skin may be thin 
and glazed, and terminal atrophj' and gangi-ene of the digits have licen 
seen. 

The weakening of the skeletal structure of the back as a result of 
spina bifida occulta has been considered a cause of low back pain and 
habitual scoliosis. The etiologic relationship here is speculative. 

DIAGNOSIS 

The diagnosis of spiua bifida occulta is easily made if the condition 
is suspected. Physical examination may suggest the diagnosis even 
when the condition is not suspected. One of the lesions of the skin 
may direct attention to the spinal column. The examining finger may 
detect the absence of one or more vertebral spines and pressure over 
this defect may cause pain which will extend to the extremities.'* 
Roentgenograms of the spinal column furnish objective evidence of 
the vertebral defect and its extent. In the presence of such a defect 
and in cases in which the characteristic symptoms are present, careful 
neurologic examination should be made and the functional state of tlie 
vesical sphincters should be detei-mined. Other possible causes of t])e 
symptoms must, of course, be eliminated before attributing them to 
spina bifida occulta. 

The most important step in the diagnosis is an estimation of tlic 
relative roles played by myelodysplasia and by mechanical compres- 
sion of nerves in the production of the sj’inptoms. Such an estimate 
is essential, for on it depends to a large degree the adoption or rejec- 
tion of surgical treatment. Careful consideration of the history, with 
particular refei'ence to the chronology and progression of the S3'mp- 
toms, and careful consideration of the present neurologic status of the 
patient are necessary. Defects and dysfunctions ivhieh were jjrescnt 
at birth and have not been progi-e.ssive are likelj' to be the result of 
malformation or permanent injury of the spinal cord and nerves. 
When the symptoms make their appearance during life, particularl.v 
if tlicy are progre.ssive, mecJianical interference with nerve function 
is .suggested. Botli congenital and mechanical lesions may, of cour.se. 
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On the other liand, severe paralysis of the lower extremities, which 
has been present since birth, is regarded as a contrahidication to 
operation. 

Brickner suggested that operation be undertaken in all infants and 
children in whom spina bifida occulta was associated with subcutaneous 
lipomas or areas of hj^pertrichosis, whether sj’^mptoms were present or 
not, the aim being to forestall future trouble. Most authors regard 
this as too radical an attitude. It is also agreed that enuresis of child- 
hood, without other symptoms, is not an indication for operation, and 
even when it occurs among adults Bucj’- warns against laminectomy 
wlien the condition is mild, because even slight operative trauma to 
the nerves may make the condition rvorse than it already was. This 
injunction may well be borne in mind in aU eases of this type. 

Operation should be considered, however, in all cases of severe 
urinary dysfunction, especially if the symptoms appear or become 
worse at the time of pubertj' (Mixter). Mertz reviewed sevent3'-nine 
reported cases in Avliieh lamineetomj' Avas iierformed for spina bifida 
occulta Avhich was associated with disturbance of the nervous control 
of the lower part of the urinarj* tract. In half of these cases the 
patients were relieved and in the other half of the cases the patients 
were helped, although relapses were common. He noted, as haA*e 
others, that operation may benefit certain of the patients’ .s.vmptoms 
and not others. Patients who have trophic lesions, such ns perforating 
ulcers, are often favorable subjects for operation.^" 

It is lilfCAvisc agreed that operation for relief of deformities of the 
I)odal extremity, such as talipes equimis, .should be undertaken only 
in the face of a jirogressive lesion, Haekenbroch operated in scA-entj' 
such eases; beneficial results Averc obtained in half of the eases in 
Avhicli definite abnormalities Avere found in the epidural space. 

Since it is impossible to jircdict Avith eertaint.A- Avhat Avill be found 
at the time of operation, disappointing results Avill often folloAv lami- 
nceloniA- in eases of spina bifida occulta. IIoweA-er. in consideration 
of the very Ioav operative inortalitA- and the A-erv definite benefits 
which frequently accrue, operation should be seriouslj' considered in 
every case. 


The operative procedure cmplo.A'cd Avill A’arv in each case. In anv 
event, n lamineclom.v is performed in the region of the defect, and 
sufficient, bone is removed to permit a thorough inspection of the diu-al 


sac. In most instances it avUI be wise to open the dura for inspection 
of the cauda equina, if only to be able to estimate the pro^-nosis for 
improvement following the surgical procedure. The measures nece.s- 
sary to relieve mechauica'd stress on flic nervous tissues Avill of course 
vary with the exact eomlition fomid at exploration, and must be de- 
euled on at tlie time of operation. Orcat care must be oxerci.sed not 
to injtiro iilrenfly iiu’ompotonf nerves. 
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tlion be seen to arise from the dorsal surface of the normal dura at a point op- 
posite the laminae of the fourth lumbar vertebra and to extend caudally to the level 
of the defect in the arcli of the first sacral vertebra, but to remain confined entirely 
within the limits of the vertebral canal. The tumor was cystic. "Wlien opened it 
was found to contain cerebrospinal fluid and to communicate with the spinal siib- 
araclmoid space by means of a small ostium through which projected a mass of tissue 
which appeared to be continuous with the spinal cord; that is, to represent an 
aberrant mass of nerve tissue (i’ig. Ih), possibly an elongated conus medullaris. 
This was dissected free from the sac and replaced within the spinal subarachnoid 
space. The myelomeningocele sac was then severed from the dura (Fig. Ic) and a 
plastic closure of dura and subcutaneous tissues was made. The lumbosacral fascia 
was sewed together in the midlinc. 

Postoperative convalescenco was uneventful. Within two weeks after the operation, 
the patient said that the foot felt better. Neurologic examination did not show 
any change from the preoperativo condition except that the ulcer on the sole of the 
left foot had healed. The patient was permitted to return to his home at the end 



Fig, 1. — a. Failure of development of the laminae of tlie first sacral vertehra and 
thinning of the laminae of the fourth and fifth lumhar vertebrae from pressure of 
the occult myelomeningocele ; b, diagrammatic lateral view of the tumor and cauaa 
equina; c, resection of the meningocele and plastic closure of the dura mater. 

of the third week. He has since reported that the ulcer has remained healed 
and that the callosities of his Iieel are loss troublesome. Ho is able to get about 
without aid and with comfort. 

NEUROSUKGICALi TRlilT.ltEOT 

The neurosurgical treatment of spina bifida occulta is directed toward 
improving nerve function by relieving mechanical interference. Ob- 
tuouslj’', nothing can be done to improve the function of malformed 
or degenerated nerve tissue. We already have considered the diag- 
nostic aspects of this problem. 

It is impossible to set forth hard-and-fast rules to govem the adop- 
tion or rejection of operative treatment. So many factors enter into 
each case that one can only indicate general principles. It is generally 
agreed that only .severe and progrc.ssivc symptoms call for exploration. 
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Oil the other liaiicl, severe paralysis of the lower estremities, which 
has been present since birth, is regarded as a contraindication to 
operation. 

Brickner suggested that operation be undertaken in all infants and 
children in whom spina bifida occulta was associated with subcutaneous 
lipomas or areas of hypertrichosis, whether symptoms were present or 
not, the aim being to forestall future trouble. Most authors regard 
this as too radical an attitude. It is also agreed that enuresis of child- 
hood, nuthout other symptoms, is not an indication for operation, and 
even when it occurs among adults Bucj' warns against laminectomy 
when the condition is mild, because even slight operative trauma to 
the nerves may make the condition worse than it already was. This 
injunction may ivell be borne in mind in all cases of this type. 

Operation should be considered, however, in all cases of severe 
urinarj' dysfunction, especially if the symptoms appear or become 
worse at the time of puberty (Mixter). Jlertz reviewed seventy-nine 
reported cases in whieli laminectomy was performed for spina bifida 
occulta ivhich was associated with disturbance of the nervous control 
of the lower part of the urinaiy toact. In half of these cases the 
patients were relieved and in the other half of the cases the patients 
wore helped, although relapses were common. He noted, as have 
others, that operation may benefit certain of tbe patients’ symptoms 
and not others. Patients who have trophic lesions, such as perforating 
ulcers, are often favorable .subjects for operation.^- 
It is likewise agreed that operation for relief of deformities of the 
])edal extremity, such as talipes cquinus, should be undertaken only 
in the face of a progressive lesion. Hackenbroch operated in seventj’ 
such eases; beneficial results were obtained in half of the cases in 
which definite abnormalities were found in the epidural space. 

Since it is impossible to predict witli certainty what will be found 
at the lime of operation, disappointing results will often follow lami- 
nectomy in cases of .spina bifida occulta. However, in consideration 
of the very low operative mortality and the very definite benefits 
which frequently accrue, operation should be seriously considered in 
every case. 


The operative procedure employed will vary in eacli case. In anv 
event, a lamineetomy is performed in the region of the defect and 
snflloient. bone is removed to permit a thorough inspection of the dural 


sne. In most instances it, will be wise to open the dura for inspection 
of the cauda equina, if only to be able to estimate the prognosis for 
improvement following the surgical procedure. Tlic measures neces- 
sary to relieve mechanical stre.ss on the nervous tissues will of course 
vary with the exact condition found at exploration, and must be de- 
cided on at the tune of operation. Great care must be exercised iiot 
to injure already meompetent ncrve.s. 
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SUMMARY 

Spina bifida occulta is a developmental defect of tbe spinal cord, 
its meninges, tlie vertebral column, and tbe overlying muscular and 
cutaneous tissues. It begins in early embryonic life. A review of 
the literature emphasizes the Avide variety of anatomic malformations 
which may occur. These may be divided into those which affect the 
nervous tissues themselves (myelodysplasia) and those which occur 
in the mesodermal tissues surrounding and supporting the spinal cord, 
including its meninges. In most instances these defects will iiot be 
great enough to compromise the function of the .spinal coi-d and its 
nerves. The condition will i-emain subcliniea] but may be recognized 
in roentgenograms of the spinal column. 

When clinical .symptoms aceompan.^- spina bifida occulta, the.y usu- 
ally are the result of neural d.vsfunction. Tliis may result from defects 
inherent in the nervous tissue (myelodysplasia) or from jnechanieal 
interference with the function of nervous tissue by the tension or 
pressure of adjacent tissues. The most common sjunptoms are those 
which are related to the urinary apparatus. Motor, sensory, and 
trophic disorders about the lower extremities are likewise common and 
should always arouse the suspicion of spina bifida occulta. Pain is 
rarely a symptom. Certain malformations of the feet and toes (talipes 
equinus, hammer toes) have been attributed to spina bifida occulta in 
many eases. Once spina bifida occulta is suspected, it is easily' verified. 

Surgical treatment, in the form of explo2’ato3’.y lammectomy and at- 
tempted relief of mechanical interference with nerve function, should 
be considered in every case in which the symptoms appear or bceomfc 
progressively worse during postnatal life. Although onl.y j)artial relief 
of symptoms ma 3 ' be expected in most cases, the low mortalit 3 " of the 
surgical procedure justifies its trial in most instances. 
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SUMMARY 

Spiua bifida occulta is a developmental defect of the spinal cord, 
its meninges, the A^ertebral column, and tlie overlying muscular and 
cutaneous tissues. It begins in early embryonic life. A review of 
the literature emphasizes the wide varietj’" of anatomic malformations 
which may occur. These may be divided into those ivhich affect the 
nervous tissues themselves (myelodysplasia) and those which occur 
in the mesodermal tissues surrounding and supporting the spinal cord, 
including its meninges. In most instances these defects will not he 
great enough to compromi.se the function of the spinal eoi-d and its 
)ierves. The condition will remain subclinieal but may be recognized 
in roentgenograms of the .spinal column. 

Wlien clinical sjunptoms accompany spina bifida occulta, they usu- 
ally are the result of neural dysfunction. This may result from defects 
inherent in the nervous tissue (mj-elodysi^Iasia) or from mechanical 
intei'ferenee with the function of nervous tissue bj^ the tejision or 
pressure of adjacent tissues. The most common s.ymptoms are those 
which are related to the urinary apparatus. Motor, sensory, and 
troi)hie disorders about the lower extremities are likewise common and 
should alwaj's arouse the suspicion of spina bifida occulta. Pain is 
rarely a symptom. Certain malformations of the feet and toes (talipes 
equinus, hammer toes) have been attributed to spina bifida occulta in 
many eases. Once spina bifida occulta is suspected, it is easily verified. 

Surgical treatment, in the form of exploratory laminectomy and at- 
tempted relief of mechanical interfei’enee with nerve function, should 
be considered in every case in which the .symptoms appear or heconifc 
progressivel.v worse duruig postnatal life. Although only pai-tial relief 
of symptoms may be expected in most case.s, the low mortalitj' of the 
surgical procedure justifies its trial in most instances. 
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SUMMARY 

Spiua bifida occulta is a developmental defect of the spinal cord, 
its meninges, the vertebral column, and the overljung muscular and 
cutaneous tissues. It begins in early embiyonie life. A review of 
tlie literature emphasizes the ivide varietj' of anatomic malformations 
ivhieh may occur. These maj’ be divided into those which affect the 
nervous tissues themselves (myelodj’splasia) and those which occur 
in the mesodermal tissues surrounding and supporting the spinal cord, 
including its meninges. In mo.st instances these defects will not be 
great enough to compromise tlie function of the .spinal coi-d and its 
nerves. The condition will remain subelinical but may be recognized 
in roentgenograms of the .spinal column. 

When clinical .s.ymptoms aceompanj’^ spina bifida occulta, they usu- 
ally are the result of neural dy.sfunetion. This may result from defects 
inherent in the nervous tissue (myelodysplasia) or from mechanical 
interference with the function of nervous tissue by the tejision or 
pressure of adjacent tissues. The most common symptoms are those 
which are related to the urinary apparatus. Motor, sensory, and 
tropliic disorders about the lower extremities are likewise common and 
should ahvays arouse the suspicion of spina bifida occulta. Pain is 
rarely a symptom. Certain malformations of the feet and toes (talipes 
equinus, hammer toes) have been attributed to spina bifida occulta in 
man}’- cases. Once spina bifida occulta is suspected, it is easily verified. 

Surgical treatment, in the form of exploratory laminectomy and at- 
tempted relief of mechanical interference with nerA'e function, should 
be considered in eveiy case in which the symptoms appear or heconife 
progressively worse during postnatal life. Although only partial relief 
of symptoms may be expected in most ease.s, the low mortality of the 
siu’gical procedure justifies its trial in most instances. 
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joint. Keliandii" (1934) reported 14 cases, and Bnzbyi« ( 1936 ) re- 
corded 13 elbows successfully resected out of 15 in a seides of 14 eases, 
3 of these for tuberculous arthritis. Most recently, Magnusson^' 
(1936) has reported the combined resection and interposition of fascia 
lata in 17 eases of tuberculosis of the elbow, with satisfactory motion 
in 16 and with ankylosis in 1. 


INDICATIONS 


There has been some controversy as to the relative merits of resection 
of the elbow joint and arthroplastie reconstruction. 

We talce issue, on the basis of the experience of many others as well 
as our oum, with the .statement of MacAusland^® (1922) that: “The 
I'esults from this (excision) are very unsati.sfactory, the joint being 
flail, wealc and usually requiring external treatment in the fonn of a 
leather with limited elbow joint motion. . . . The ultimate results from 
ils use do not warrant its being eonsidei’cd for any condition except 
tuberculosis of the elbow”; and with that of Campbell® (1929) : “An 
arthroplasty is often the only procedure that offers hope for the reestab- 
lishment of motion and of function in an elbow severely injured by 
fractui’es about the elbow joint.” Certainly a more conseiwative note 
is struck by Jones and Lovett “It is an open question whether this 
operation (arthroplasty) has sufficient advantage over excision to war- 
rant one in pronouncing it the operation of election.” 

Arthroplasty, introduced as a refinement of excision, has for its chief 
object not only the intei'iiosition of a layer of fascia or membrane, but 
tlie reconstruction of the bone ends, in such a way as to adopt the op- 
posing surfaces and so give stability as well as movement to the new 
joint. In an attempt to avoid the slight instability that often follows 
a resection and the oeeasional flail elbow, French surgeons resorted 
to a less free removal of bony ti.ssue and attempted to avoid reankylo- 
sis by interposing muscle tissue. Many interposing media have been 
utilized — inorganic substances, fat, pedieled fascia fat (Murphy),-^ 
animal membrane (Baer),-- heterogenous fascia, and autogenous 
fascial transplants (Putti,-® Iley-Grove.s,-^ MacAusland,--" Campbell, 
Albcc,-' and othere). 


However, a moderate degree of lateral instability in a resected 
elbow does not represent a disability as the elbow is a nonweight- 
benring joint, while a flail elbow is an infrequent oeeurrenee, follow- 
ing only ven* extensive resections. Large scries of resected eaWs liave 
demonstrated the restoration of very satisfactory function. The at- 
tempt in artln-oplasty to re.store the anatomic conformation of the 
joint, and to prevent instability by a minimum amount of bonv .sacri- 
fice and the interposition of fa.se.ia harbo.-s the greater possibilitv of 
reankylosis as has been shown exiierimentally by Allison and Brooks 
and as ha.s be,.ii proved cliiuValiy in manv instances. 



RESECTION OF THE ELBOW JOINT 

Arthur J. Davidson, SI.D., and IM. Thomas Horwitz, M.D., 
Philadelphia, Pa. 

RBVIEIV OP literature 

A ETHOUGrH Hippocrates and Celsus both alluded to the removal of 
the articulating’ extremities of dislocated hones, the first appliea - , 
tion of resection to the elhoiv joint is attributed to Wainmann^ in 1758. 
Macartney” noted that the procedure ivas practiced in the last decades 
of the eighteenth century by pilkin (1786), Moreau (1794), and Park 
(1794). Cases, successfully resected, were reported b.y Nickels® in 
1837 and two years later by Bier.'* The procedure gained its place in 
British surgerj* oulj- after the enthusiastic recommendation of Syme,® 
and was first performed in America independently by Buck® and Pan- 
coast* in 1842. 

A variety of techniques have been desci'ibed by Langenbeclv, Tvoclicr, 
Park, Moreau, Heuter, Chaissaignac, Dupuytren, Faraheuf, and Nela- 
ton.® Its greatest proponent ivas Ollier,® who wrote ])rofusely on his 
method, and who performed a total of 270 resections from 1859 f« 
1900. In the Musee Ollier are 120 elbow joint specimens, 86 of tlicse 
resected for tuberculosis. 

The earl}’’ literature abounds with numerous articles and mono- 
graphs on the resection of joints, but in recent yeai-s this has been 
greatly supplanted by the interest of surgeons in arthroplasty. Be- 
tween the .veal’s 1837 and 1883, 235 autlioi’s contributed numerous 
reports, and 39 monograjihs were printed, on resection of the elbow 
joint, with noteworth.v contributions by Hodges*® in 1861 of 119 eases 
and by Culbertson** in 1876 in his prize essay including 1,082 elbow 
joint resections collected from the ivorld literature, and from 1883 
to 1900 over 180 authors added many more articles and monographs. 
Between 1900 and 1925, 75 articles and 6 monographs were published, 
and since then only 13 authoi’s have contributed on this subject. 

Comte*® in 1925 studied 55 of Ollier's resections for tuberculous 
arthritis of the elbow joint, followed from five to sixt 3 ' j'ears, with 94 
per cent satisfactory results, and 100 per cent excellent re.snlts in 21 
resections for non.specifie arthritis and malnnitcd, disabling fractures. 
Sorrel, in commenting on Gruca’s’® four cases (1932), stated that he 
had jjerfonned nO resections with a high percentage of success. Novc- 
Jos.serand and Pouzct** ( 1 . 9 , 32 ) have utilized resection and hemiresec- 
tion in tlie treatincnt of ebronic, irreducible dislocations of the elbow 

Hwfivf’tl for pnbllcntlon, July 20 , 1037. 
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I’eaukylosis. The osteoplastic activity of the elbow region in j^ouug 
patients is a distressing , feature known to all those interested in 
traumatotherapy. Besides, in young children one cannot resect so 
freely, as they do not possess a sufficientl 3 ' well-developed musculature 
to assure satisfactorj’^ stability in a freety resected joint. Finallj^ the 
postoperative cooperation, which is so essential to obtain a good result 
and which is often painful and trying, is found wanting in a child. 


MODUS OPERANDI 


A variety of incisions have been advocated, manj' so placed as to dis- 
regard and mdiscriminantty sever the ulnar nerve.® 

Ollier’s method of “resection sous capsulo-periostee, ’ ’ for which he 
gave credit to Vemeuil, aimed at the removal of the bones alone, leav- 
ing the periosteum to admit a reformation of all the stnictures of the 
joint. Other surgeons have recommended the free sacrifice of all ad- 
jacent periosteum and soft tissues in the so-called open method. 
Ollier’s excellent results in great part depended on wliat he considered 
as the sine qua non of a successful elboAv resection, i.e., a liberal ex- 
cision of bone and the early mobilization of the new joint. 

The operation is pei’formed without the use of a tourniquet. It is 
wise, in an elbow that has not functioned for a long time, to reactivate 
the muscles preparatoiy to resection with massage and electrical 
stimulation. 

1. A posteiior longitudinal incision is made, extending 3 inches 
above and 3 inches below tite olecranon process. 


2. The medial skin flap is retracted and the ulnar nerve is isolated 
between the medial eond.vie and olecranon process, freed upwards and 
downwards, and retracted gentl.v. 

3. Tiie triceps tendon insertion and a small portion of the attached 


olecranon process, severed with an osteotome, are retracted upwards, 
exposing tile posterior portion of the elbow joint. This procedure, 
einplo.ved since 1931. has obviated the residual triceps weakness that 
followed our previou.s technique. .Several German surgeons, Trendel- 
enburg. Mo.setig-Moorliofl’, and .'spulm, and .Senn, of America, have 
recommended the pre.sei-vation of the olecranon process with its at- 
tached triceps tendon, reuniting it with metallic pins. 

•1. The periosteum is elevnte.l laterally and mediallv from tiie lower 
end of the humerus and the upper ends of (he radius and ulna, witii 
tlie attached flexor and extensor nnisele group.s. Thi.s- is continued 
anteriorly until the joint has been completely exposed and the vital 
stnietnres ol the nnticnhital fossa di.splaccd anferiorlv and well nro- 
teeted. ' ^ 

■). Ihe humerus is sawed eompletciv fliroimh above the en„r} t 
ahont 1 inch above the joint surface. 
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SURGERY 


Tuberculosis of the elbow joint occurred in 2 per cent of 224 joints 
operated upon in Cleveland series (1935). Resection of this joint 
is considered by most authorities"®’ the operation of election for 
adult tuberculous arthritis, in the presence of progression despite con- 
servative treatment. Fusion, unlike its application to other joint 
tuberculosis, has not been so aeeej)table to the elbow joint, not only 
because of technical difficulties and the awkwaitlness of an ankylosed 
elbow, even in good functional position, but also because it fails to 
extirpate the disease process and there is a frequencj' of i-eeiirrenee 
and progression. Cleveland-® writes,- “I now believe a careful re- 
section may be a. better and more logical procedure in this nonweight- 
bearing joint. Our record of onl 3 ' one successful fusion in five at- 
tempts leaves much to be desired.” According to Comte,^® 55 ol 
Ollier's cases resected for tuberculosis, shov’ed 95 per cent satisfactory 
results from five to sixtj’ j'eai’S postopera tivel.v, while Oschman,®® of 
Koeher’s clinic, reported 70 per cent exeellejit results in 40 cases (1872 
to 1897). Steindlcr^^ cites Garre’s statistics of 51 pei’ ecnl cures in 
235 ca.ses, IConig’s of 54 per cent cures, and Eardenhenrer and Losson's 
of 63 per cent' cures and 70 i)er cent good functional results. Fatal 
miliarj' tuberculosis ma.y ensue, as it ma.v follow the interference of 
anj' tuberculous focus, Konig®® observing 16 cases, and 'Wartman®' 26 
cases oiit of 225 deaths in 837 collected cases of elbow joint resection. 

Resection is indicated in ank.vloses of all origin, fibrous or osseous, 
traumatic or infectious in origin. Following p.vogenic infections, no 
interference is advised until several .years of riuiescence have elapsed 
and onlj' after a vigorous manipulation fails to activate any latent 
process. In ankylosis due to rheumatoid arthritis, despite a long 
quiescent interval with normal clinical and laboi-atorv findings, opera- 
tive interference ma.v be followed b.v a reactivation of .s.vstemic and 
local manifestations. 

Resection is of value in the rehabilitation of elbow joint fraefures 
with deformity and disability, and in chronic irreducible dislocations. 
During the World War, considerable was written on the mei-its of its 
use following debridement for gunshot wounds and conii)ound frac- 
tures of the elbow region. The satisfactory’ I’csults that not infre- 
quentlj’ follow a conservative regime in comminuted simple and com- 
pound fractures of the elbow do not Avarrant such immediate radical 
thcrapj- in ciwl surgery. 

This operation is A’aluable in the extirpation of benign and locally 
malignant o.sseons tumors. 

Altliongh Annandale, A.shhurst, Cha.s.saignae, and others advocated 
its use in the fii-st decade of life, the experience of most surgeons i.s 
that resection is best delayed until the cessation of the growth penod, 
not only to avoid an nnsicrlitl.A’ .shortened extremity, but also to avoid 
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I’eaukylosis. The osteoplastic activity of the elbow region in young 
patients is a distressing , feature known to all those interested in 
traumatotherapy. Besides, in young children one cannot resect so 
freety, as thej' do not possess a suffieientlj’’ well-developed musculature 
to assure satisfactory stability in a freely resected joint. Finally, the 
postoperative cooperation, which is so essential to obtain a good result 
and which is often painful and tiying, is found wanting in a child. 


MODUS OPERANDI 


A variety of incisions have been advocated, many so placed as to dis- 
regard and indiscriminantlj' sever the ulnar nerve.® 

Ollier’s method of “resection sous capsulo-periostee,’’ for which he 
gave credit to Yemeuil, aimed at the removal of the bones alone, leav- 
ing the periosteum to admit a reformation of all the stnictures of the 
joint. Other surgeons have recommended the free sacrifice of all ad- 
jacent periosteum and soft tissues in the so-called open method. 
Ollier’s excellent results in great part depended on what he considered 
as the sine qua non of a successful elbow I’esection, i.e., a liberal ex- 
cision of bone and the early mobilization of the new joint. 

The operation is performed wdthout the use of a tourniquet. It is 
wise, in an elbow that has not functioned for a long time, to reactivate 
the muscles preparatory to resection witli massage and electrical 
stimulation. 


1. A posterior longitudinal incision is made, extending 3 inches 
above and 3 inches below the olecranon process. 

2. The medial skin flap is retracted and the ulnar nerve is isolated 
between the medial condyle and olecranon process, freed upwards and 
downwards, and refracted gently. 

3. The triceps tendon insertion and a small portion of the attached 
olecranon process, severed with an osteotome, are retracted upwards, 
exposing the posterior portion of the elbow joint. This procedure, 
employed since 1931, has obviated the residual triceps woakne.ss that 
followed onr previous technique. Several German surgeons, Trendel- 
cnlnn-g, iiloselig-Moorhofl', and Spuhn, and .Senn, of America, have 
recommended the preservation of the olecranon process with its at- 
tached triceps tendon, reuniting it with metallic pins. 

A. The periosteum is elevated laterally and mediallv from the lower 
end of the humerus and the upper ends of the radius and ulna, with 
the attached flexor and extensor muscle gronjis. This is continued 
anteriorly until the joint lias been completely expo.sed and tiie vital 
structures of the anticubilal fossa displaced anteriorlv and well pro- 
tected. ^ 


. 1 . riie humerus is sawed completely through above the condvies 
ahmil 1 inch above the joint surface. ««Jtes, 
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SUBGEEY 


Tuberculosis of the elbow joint occurred in 2 per cent of 224 joints 
operated upon in Cleveland’s-® series (1935). Resection of this joint 
is considered by most authorities®®- the operation of election for 
adult tuberculous arthritis, in the presence of progression despite con- 
servative treatment. Fusion, unlike its application to other joint 
tuberculosis, has not been so acceptable to the elbow joint, not only 
because of technical difficulties and the awkwardness of an ankylosed 
elbow, even in good functional position, but also because it fails to 
extirpate the disease i^rocess and there is a frequency of recurrence 
and progression. Cleveland®® writes: “I now believe a careful re- 
section may be a. better and more logical procedure in this noinveight- 
bearing joint. Our record of only one snceessful fusion in five at- 
tempts leaves much to be desired.” According to Comte,^® 55 of 
Ollier’s eases resected for tuberculosis, shov-ed 95 per cent satisfactory 
results from five to sixt.v .vears postoperativel.v, while Osehman,®® of 
Kocher’s clinic, reported 70 per cent excellent results in 40 cases (1872 
to 1897). Stcindlcr®’ cites Garre’s statistics of 51 ])cr cent cures in 
235 cases, Konig’s of 54 ])or cent cures, and Bardenheurer and Lessen s 
of 63 per cent' cures and 70 per cent good functional results. Fatal 
miliary tubei-eulosis niaj^ ensue, as it may follow the interference of 
any tuberculous focus, Konig®® observing 16 cases, and Wartman®® 26 
cases out of 225 deaths in 837 collected eases of elbow joint resection. 

Resection is indicated in ankyloses of all origin, fibrous or osseous, 
traumatic or infectious in origin. Following pyogenic infections, no 
interference is advised until several years of quiescence have elapsed 
and only after a vigorous manipulation fails to activate any Intent 
process. In ankylosis due to rheumatoid arthritis, despite a long 
quiescent interval with normal clinical and laboratory finding.s, opera- 
tive intei-ference jiiay be follon-ed by a reactivation of .systemic and 
local manifestations. 

Resection is of value in the rehabilitation of elbow joint fractures 
with deformity and disability, and in chronic irreducible dislocations. 
During the World War, considerable rvas M-ritten on the mei-its of its 
use following debridement for gunshot wounds and compound irac- 
tures of the elbow region. The satisfactor}- results that not infre- 
quently follow a conservative regime in comminuted simple and com- 
pound fractures of the elbow do not warrant such immediate I'adical 
therapy- in ci\-il surgei-y. 

Tliis operation is valuable in the extirpation of benign and locall.' 
malignant osseous tumors. 

Although Annandale, A.shhurst, Cha.s.saignac, and others advocated 
its use in the first decade of life, tlie experience of most surgeons is 
that resection is best de]a.yed until the cessation of the growth period. 
not only to n-void an unsiglifly shortened extremity, but also to avoid 
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reaukylosis. Tke osteoplastic activity of the elbow region in j'oung 
patients is a distressing ^ feature known to all those interested in 
traumatotherapy. Besides, in young children one cannot resect so 
freelj', as tliej* do not possess a sufficiently well-developed musculature 
to assure satisfactory stability in a freelj^ resected joint. Finallj^, the 
postoperative cooperation, which is so essential to obtain a good result 
and which is often painful and trying, is found wanting in a child. 


MODUS OPERANDI 


A variety of incisions have been advocated, many so placed as to dis- 
regard and indiscriminantly sever the ulnar neiwe.® 

Ollier’s method of “resection sous capsulo-periostee,” for which he 
gave credit to Venieuil, aimed at the removal of the bones alone, leav- 
ing the periosteum to admit a reformation of all the structures of the 
joint. Other surgeons have recommended the free sacrifice of all ad- 
jacent periosteum and soft tissues in the so-called open method. 
Ollier’s excellent results in great part depended on what he considered 
as the sine qua non of a successful elbow resection, i.e., a liberal ex- 
cision of bone and the early mobilization of the new joint. 

The operation is pei’formed without the use of a tourniquet. It is 
wise, in an elbow that has not functioned for a long time, to reactivate 
the muscles preparatory to resection with massage and electrical 
stimulation. 


1. A posterior longitudinal incision is made, extending 3 inches 
above ami 3 inches below the olecranon process. 

2. The medial skin flap is retracted and the ulnar nerve is isolated 
between the medial condyle and olecranon process, freed upwards and 
downwards, and retracted gently. 


3. Tlie trieeps tendon insertion and a small portion of the attached 
olecranon process, severed with an osteotome, are retracted upwards, 
exposing the posterior portion of the elbow joint. This procedure, 
employed since 1931, has obviated the residual triceps weakness that 
followed our previous technique. Several German sm-geoms, Trendel- 
enburg. .Mosetig-JIoorhofi', and Sptihn, and Semi, of America, Jiave 
recommended the preservation of the olecranon process with its at- 
tached triceps tendon, reuniting it with metallic pins. 

4. The periosteum is elevated laterally and mediallv from the lower 
end of the humerus and the upper ends of the radiiis and ulna with 
the attached flexor and extensor muscle groups. This is continued 
anteriorly untd the joint has been completely e.vposed and the vital 
structures of the anticuhital fossa displaced anteriorlv and well nro 
Iccted. ‘ ^ 
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SURGERY 


6. TJ^d iufei'ioi' site ol' resection is now easil 3 r exposed bj^ foreiu" 
tlie joai’tiallj' excised elbow posteiiorlj' aiid well into the wound. If 
tlie superior j-adioidnar joint is intact, it should be preserved and the 
ulua alone resected just above the radial iiead. If, however, this joint 
is involved, tlie radial bead and ulnar upper extremity are excised at 
a level just above tlie radial tuberosity. Tbe bared ends are sniootlicd 
and rounded off with rong'enrs and a bone file. No bone wax is 
utilized. A total of at least 1^4 to 2 inebes must be removed from 
the liuinevus, radius, and ulna. It is our exiiei’ience that the coinnion 
fallac}^ is tbe reiiioA’al of too little rather than too much bone. 

7. A firm stitch of No. 3 chromic catgfut is passed through the tri- 
ceps inseifioii, and a drill hole, made at the upper end of the ulna, and 
sutui-ed to the surrounding- ]ieriosteum, the small olecranon fragment 
contacting- the fre.sh boii.v surface of the upper ulna. 

8. Tbe deep tissue.s — pei-iosteum, capsule, musele, and fascia, are all 
sutured as one with No. 1 chromic catgut, the subcutaneous tissues 
with plain catgut, and the skin with dermal or silk sutures. A .small 
rubber drain is inserted at the lower angle of the wound for twenty- 
four to forty-eight hours. 

9. A plaster splint is applied posteriorlj' with the elbow flexed at a 
right angle and the entire extremity is suspended to reduce postopera- 
tive swelling. 

10. Active and passive exercises are instituted as soon as the acute 
reaction in the operative site has subsided, i.e., ns earls’- as the third 
or fourth postoperative da.v. 

Skin sutures are removed on the tejith da.v postoperativel.v and an 
intensive course of baking, ma.ssagc, and sinusoidal .stimulation to the 
flexor and extensor muscles of tlie elbow joint commenced. A sling is 
worn for three months to prevent abnormal traction on the soft tissues 
of the elbow region and undue lateral motion. We have found a brace 
or other external support unneccssarj" in our eases. 

Good active flexion is obtained in two to three months, but complete 
recovery mnst not be anticipated in less than six months, until the 
lax elbow soft structures hare adapted themselves to the resection, 
and concomitantly-, lateral instability grows less marked. A residua 
10° to 15° of lateral motion which n.snalty persists is consistent with a 
satisfactory functional result. 

The operation of brachial hcmircsccfion, as practiced in (he clinic 
of Nove-.Tosserand for chronic, irreducible posterior dislocations o 
the elbow .joint, consists of the removal of a liberal portion (1% 
inches to 2 inches) of the lower end of the humerus with preservation 
of the forearm hones. In tlie antibrachial type of hemiresection, only 
the upper exfTemitie.<; of the rndiij.s and ulna arc extirpated. 
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REVIEW OF authors’ CASES 


The seventeen cases herein presented were operated upon by the 
senior author (A. J. D.), the first in 1914. Their ages vary from five 
to forty-six yeai’s — 3 in tlie firet decade of life, 5 in the second, 2 in 
the third, 5 in the fourth, and 2 in the fifth. Seven eases were oper- 
ated upon prior to the cessation of the growth period. There are 2 
females and 15 males in the series. 

Two of the elbows were the site of proved tuberculosis, one aged 
five years, the other thirtj^-six yeai’s, with painful and restricted mo- 
tion, In 13 cases there was complete loss of motion of the elbow joint, 
with fixation at angles varjung from 90° to 165°, due to comminuted 
fractures or fracture-dislocations in this region. There were 2 cases 
of old, irreducible dislocations of the elbow joint. 

In 1 ease there was a complicating musculospiral nerve paralysis 
due to involvement of the nerve in callus, and this required liberation 
of the nerve concomitantly with the resection. 

Resection was performed foui- months to one and one-half years fol- 
lowing the onset of disability in 15 eases, and in one ease eighteen 
years and in another thirty-four years following the original injury. 

Total resection was performed in 14 eases, the bracliial type of 
hemiresection in 2 cases of old, comminuted fractures of the lower end 
of the humerus, and the antibrachial type in 1 case of chronic, irre- 
ducible fracture-dislocation. 


The duration of follow-up study since the performance of the re- 
section in the collected cases varies from six months in 1 case to ten 
years in 2, with 9 patients observed from one to five years, and 5 from 
six to nine yeai's. 

In 11 of the 17 cases, 9 adults and 2 cliildreu aged nine and thirteen 
years, the results were excellent, with restoration of complete active 
and passive motion and with lateral motion of only 10° to 15°. The 
function in all of these cases is very satisfactory and several have 
returned to hard manual labor. Five of the eases shoiv some residual 
extensor weakness against gravity and resistance, while the remaining 
G, operated upon since 1931, evidence execllent restoration of this 
power due to the jn-eservation of the triee])s mechanism. In 1 case, 
some restriction of flexion due to an anterior bony block at the lower 
end of the reseeled humerus disappeared in one year following per- 
sistent pbysiolherajiy and very gentle inanipnlation. 


In our most recent ease, an extensive resection was performed .six 
months ago for tuberculous arthritis with pain and restricted motion 
and at present ther.- is a complete restoration of passive motion, with’ 
active flexion and cximision against moderate resistance. Considerable 

Tin dis-.is, process has been extirpated and the prognosis is -ood ' 
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6. Tlie inferior site of resection is now easily exposed by foreiug 
tlie partiall.r excised elbow posteriorly and well into the wound. If 
tbe superior radioulnar joint is intact, it should be preserved and the 
ulna alone resected just above the radial head. If, however, this joint 
is involved, the z’adial head and ulnar uj^per extremity are excised at 
a level just above the radial tuberosity. The bared ends are smoothed 
and rounded off with I'ongeurs and a bone file. No bone wax is 
utilized. A total of at least IY 2 to 2 inches must be removed from 
the humerus, radius, and ulna. It is our experience that the common 
fallae.y is tlie removal of too little rather than too much hone. 

7. A firm stitch of No. 3 chromic catgut is passed through the tri- 
ceps insertion, and a drill hole, made at the upper end of the ulna, and 
sutui-ed to the suiTounding pei-iosteum, the small olecranon fragment 
contacting the fresh honj- siu-face of the upper ulna. 

8. The deep tissues — periosteum, capsule, muscle, and fascia, are all 
sutured as one with No. 1 chromic catgut, the subcutaneous tissues 
with plain catgut, and the skin with dermal or silk sutures. A small 
rubber drain is inserted at the lower angle of the zvound for twenty- 
four to forty-eight hours. 

9. A plaster splint is applied posteriorly with the elbow flexed at a 
right angle and the entire extremity is suspended to reduce postopera- 
tive swelling. 

10. Active and passive exercises are instituted as soon as the acute 
reaction in the opei-ative site has subsided, i.e., as early as the third 
or fourth postoperative day. 

Skin sutures are removed on the tenth day postoperatively and an 
intensive course of baking, ma.ssage, and sinusoidal stimulation to the 
flexor and extensor muscles of the elbow joint conunenced. A .shng m 
worn for three months to prevent abnonnal traction on the soft tissues 
of the elbow region and undue lateral motion. TYe have found a brace 
or other extenial support unnecessary in our eases. 

Good active flexion is obtained in two to three months, but complete 
recovery must not be anticipated in less than six months, until the 
lax elbow soft structures have adapted themselves to the resection, 
and concomitantly, lateral instability' gi-ows less marked. A residual 
10° to 15° of lateral motion which usually persists is consistent with a 
satisfactoiy functional result. 

Tbe operation of brachial hcmire.seefion, as practiced in the clinic 
of Nove-.Tosserand for ehronie, irreducible posterior dislocations of 
the elbow joint, consists of the removal of a- liberal portion (1% 
inches to 2 inches) of the lower end of the humerus with preservation 
of tlie forearm bones. In the antibraeliial type of hemircscction, onl.v 
tbe upper exlreniifies of the radius and ulna arc extirpated. 



DAVIDSON AND HORTOTZ : RESECTION OF ELBOW JOINT 233 

4. Its use is contraiiiclicated in children and in young adults prior 
to the cessation of the growth period, because of the danger of a de- 
ficient functional result or of failure. 
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In 2 children, aged seven and ele-v'en years, only partial but satis- 
factory motion has been restored, in the former ranging betn-een 70° 
and 110°, and in the latter, from complete flexion to 120°. In tlie 
former a complicating mnseulospii*al ner\'e involvement vas success- 
fully corrected by neurolysis at the time of resection. A brachial 
hemiresection had been performed in the other patient for an unre- 
duced fracture-dislocation. 

Eeankylosis occurred in 3 cases, aged five, eleven, and fifteen years. 
The first case had tuberculosis of the elbow joint, and developed post- 
operatively a secondarily infected sinus with a resultant ankylosis at 
80°. The other 2 eases had sustained comminuted fractures about the 
elbow joint. One had a brachial tj^pe of hemiresection with reankylo- 
sis at 125°. The other, a female, had a total resection but cooperated 
very poorly in her postoperative regime with resultant ankylosis at 90°. 

Postoperative roentgenograms of the successfully resected elbows 
showed a rounding off and sclerosis of the ai-ticnlnting boin* mnrgin.s, 
with their approximation until only a narrow joint space intervened. 
Occasionally bony particles and fragments were noted in the sur- 
rounding soft tissues, hut these did not vitiate the good function of 
the nearthrosis. The olecranon fragment, where it had been pre- 
served, became reattached by osseous union. In the 2 children with 
paidial restoration of function and in the 3 with reankylosis, consider- 
able postoperative osteoplastic formation was evident. 

In summarj’", the results of elbow joint resection have been very 
satisfactoiy in all of our adult patients (9), but in only 2 children. Of 
the remaining 5 children, a partial but satisfactory restoration of 
function has occurred in 2 and ankylosis in 3, 2 of the latter in a good 
femctional position. Brachial hemiresection resulted in a complete 
ankylosis in 1 child and in a partial ankylosis in another. The anti- 
bi'achial type of hemiresection was successfully employed in 1 adult. 
Total resection was performed in the remaining cases, with 11 suceess- 
fid results, 1 ease with partial restoration of motion and 1 case with 
failure. 

SUMJIAUy 

1. The pi-oeedure of resection of the elbow joint is discussed in detail 
and the preservation of the triceps mechanism is stressed. Adequate 
bony excision and early mobilization are its essential features. In our 
hands total resection has proved far more satisfactoiy than partial 
resection. 

2. This operation, in adults, is a satisfactory method for the re- 
habilitation of a pai-tially or cojnplefely ankylosed elbow joint. 

•5. It is, at present, the treatment of choice for tuberculous arthritis 
of this joint, in adults, where conservative tlierapy has failed. 
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4. Its use is contraindicated in cHldren and in young adults prior 
to the cessation of the groivth period, because of the danger of a de- 
ficient functional result or of failure. 
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EXTEAFASCIAL APICOLYSIS (SEJIB) 

Joseph W. Gale, M.D., and Peter A. IMidelfart, M.D,, 
Madison, Wis. 

(From the Department of Surgery, University of ITisconsin llcdica! School) 

A. PPEOXIMATELY 90 pei' cent of tuberculous cavities in tlic 
11111" occur ill tlie upper lobe. Even ivicle rib I’csectious arc occa- 
sionallj'^ inadequate for closure because the large spherical cavities are 
converted into longitudinal slitlike spaces ivhich persist in the eosto- 
vei'tebral gutter anterior to the transverse processes. These failures 
have been overcome to a certain extent by resecting the transverse 
processes in the region of the cavity. Some surgeons have attempted 
to enhance the collapse through plonibage and pre.ssure pad.s, in spite 
of irliich certain cavities continue to resist all efforts at closure. The 
natural tendency, enhanced ivhere possible by artificial pneumo- 
thorax, is for a cavity to heal concentrically. Tin’s is often prevented 
because pleural adliesions may fix the lung to the overlying rigid 
thoracic cage. The efi'ect of thoracoplasty comes about through the 
application of tivo mechanical forces; relaxation and t’ollaj)so. Both 
I'esult from a i-eduction in the size of the thoi'acic cage. 'I'liis most 
often occurs laterally because the base and apex are fixed. Tlie efli- 
eiency of the collapse depends upon the extent of the removal of the 
overlying ribs, the condition of the diseased lung, and the fixation of 
the mediastinum. Frequently the amount of lateral collapse obtained 
will prove adequate if tlie cavity is small. Even though the cavity is 
not entirely collapsed, the closure of the bronchus lending to it will 
insure against further escape of tubercle bacilli into the tracheobron- 
chial tree. Early thin-walled cavities will usually heal completely, 
but older cavities with thick avascular and inelastic fibrous walls 
probably never heal even though collapsed. Succe.ss in dealing with 
these cavities lies in exerting pressure on them from all directions 
accompanied bj" closure of the communicating bronchus. During the 
])ast ten j'ears we have at times been di.sappointed with our failure to 
accomplish this. Even the most radical sacrifice of ribs has failed to 
render the sputum negative. It was because of our failures that wc 
decided to emiiloy the extrafascial apicoly.sis of Semb* with the ho]te 
that it would in part offer a solution to this problem. 

In 1932 Scnib* first attenij»led to .solve these difficulties. Although 
numerous t.vpe.s of apieol.wsis had been suggested and tried with a fair 
degree of succe.ss, it becnine evident to him that they were inadequate 
becaus e of their failure to accoinjilish their purpose. lie found that 

for r>ubl|cntlon. July ni, ir»37. 
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the entii'C apex could be mobilized exti’afascially b}" its separation 
from three groups of snspensory ligaments. This allowed the apex 
and surrounding soft tissues to drop downward toward the hilum 
where they would remain in a collapsed and relaxed condition until 
the periosteum regenerated new bone. The accompanying rib resec- 
tions added the necessary lateral collapse. It had another advantage 
in that it permitted a selective apical collapse. Since the great ma- 
jority of cavities occur at the apex, it Avas no longer necessary to sac- 
rifice the lower healthy lung through extensive rib resection in order 



Pip. 1.— Sliow.'j tho chc.-il w.-iU exposed and the division of tlic scrratn.s upward from 

the fourth rih. 


to produce closure of the localized cavities. Tiiis resulted in the pres, 
erviition of a higher vital capacity, Ic.ss dyspnea, and less chronic in- 
validism. 




Tli.- op.-rai ion is performed throuj:!, .n paravertebral incision witl. tl.e 
patient lymg ou h.s side or ahdoinen, care l.cing taken not to divide the 
tidlhv.ms eomplct<-ly. The scapula is refracted and mohiUrArt i . i 

” Tlw '’"‘' f '*'' '>'’'"'"'■•"•<1 lo tiio lovil 
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EXTEAFASCIAL APICOLYSIS (SEMB) 

Joseph "W. Gale, M.D., and Peter A. IVIidelfart, M.D., 
Madison, Wis. 

(From the Department of Surgery, University of Wisconsin iledicat School) 

A pproximately OO per cent of tnljercnloiis cavities in the 
lung occur in the upper lobe. Even wide rib resections are occa- 
sionally inadequate for closure because the lai’ge spherical cavities aie 
converted into longitudinal slitlike spaces which persist in tlie costo- 
vertebral gutter anterior to the transverse processes. Tliese failures 
have been overcome to a certain extent by resecting the transverse 
processes in the region of the cavity. Some surgeons have attempted 
to enhance the collapse through plombage and pressure pads, m spite 
of which certain cavities continue to resist all efforts at closure. T le 
natural tendency, enhanced where possible by artificial pneumo- 
thorax, is for a cavity to heal concentrically. This is often ]n-cvcutec 
because pleural adhesions may fix the lung to the over ymg iigic 
thoracic cage. The effect of thoracoplasty comes about through ti. 
application of two mechanical forces; relaxation and f ^ 

result from a reduction in the size of the thoracic cage ^ 
often occurs laterally because the base and apex are 
ciency of the collapse depends upon the extent of 
overlvhio- ribs, the condition of the diseased lung, and the fix. t on o 
Se p.-e,ue„tb- .he am.„n. .Hate,., c. .,»0 . 

will prove adequate if the cavity is small. Even though tcj t ■ 

not entirely collapsed, the closure of the bronehus \ 

insure against further escape of tubercle bacilli into t .y • J 

ehial tree. Early thin-walled cavities will usu.al i 

but older cavities with thick avascular and nielas k. ^ 

probably never heal even though 

these cavities lies in exerting pre.ssure on them 

accompanied by closure of the communicating p, 

jiast ten years we have at times been disappoin et v failed to 

iccompli.;!! this. Even the most radical sacrifice 

render the sputum negative. It was because o oui ai ■ 

decided to employ the extrafascial apicolysis of Semb v 

that it would in part ofl'er a solution to this problem. 

In 19.32 Semb’ fir.st attempted to solve the.se difficultic.s. 7f'‘7"ir 
mimerons lyj.es of apieolysis Jiad been suggested and tried \\i i c ” 
degree of sueeess. it beeame evident to him that they were iiindeqiia e 
beciinse of their faihtre to aeeomplish their purpose. He found that 
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Iieraostat can be placed ou the periosteuiu at the insertion and an ex- 
cellent exposure of all important struetnves can be obtained before 
division of the muscle. 

The apieolysis is started by dh’iding the fibers between the neuro- 
vascular trunk and the pleura. This can usually be done with gauze 
over the finger tips by gentle pressure forward and downward. This 
site is chosen because the attachment here is frequently loose. Pos- 
teriorly there is seen a well-developed fibrous band of varying density 
(Sebileau’s band) extending from the parietal pleura and overlying 
endothoracie fascia. It passes upward and backward toward the ver- 



I'iK. 3.— Shon.s the :«-ollusls which has taken place following a first stace thornm. 
pla-sly w-^llh aplcolysla ami icmoval of the .second, third and roiirth transverse nrS. 
c.ssc.s. This wo consider a jii.stinahlc re.a.sou for pre-servlnc the transverse nroress^ 
The .same doRico of collapse Is nccompUslicd thronch removal of the rVbs far doTO 


(ebra covering llie iirs( thoracic component of the brachial plexus as 
it. emerge.s from under the neck of the fir.st rib. This is isolated and 
cut giving immediate exposure of the nerve trunk. Almost invariablv 
another hand is seen lying beneath; that is, medial to the nerve trunk 
and tins ,s treated in a like manner. The separation is carried for- 
tvard to the tir.sl nh eartilagc and the periosteum divided. .\s the 
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the first around to the cartilage. Posteriorlj’’ the transverse processes 
are not resected but the articulation between the third and second ribs 
and their respective transverse proeesses are separated and the ribs 
divided far domi on the neck (Pig. 2). This is veiy effective in obliter- 
ating tlie eostovei'tebral gutter and at the same time avoids injury to the 
intertransverse ligaments which may result in a scoliosis (Pig. 3). In 
certain instances where the cavity lies high in the apex and close to the 
eostovei’tebral gutter, it is advantageous to disarticulate the first rib and 
divide it far down on the neck just as in the lower ribs. This gives an 
unobstnicted vieiv of the apex and its accompanying ligaments which 
insert in the vertebral bodies. The lysis of this area can then be done 
under direct vision and with less danger of breaking into the underlying 
cavities. The usual care must be exercised in avoiding injury to the 
vessels and neri’es in removing the first rib. Semb at this point sepa- 



rates the periosteum of the first rib jiosteriorly and forward to the 
attachment of the scalenus antieus muscle. He divides the rib at the 
transverse process, and with a bone-holding forceps traction is excited 
downward and backward exiio.sing the in.scrtion of the scalenus anti- 
cus muscle, which can be divided outside the periosteum, flie re- 
mainder of the rib i.s then removed to the cartilage. ^\ e liave pie- 
ferred to remove the rih first and then to divide the insertion of the 
sealemi.s anfiens from the periostcuiu sacrificing the latter which uas 
attnclied to the anterior rih margin. .Seinh’s method has one di.slinct 
disadvantage, riic in.serfion of the muscle is seen only from the pos- 
terior surface and if great care i.i; not employed flic brachial plexus 
or subclavian artery ,„ny i„. injured. If (l,e rih is removed first, a 
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at the original site of the apes and anotlier in the apex in its lysed 
position. We have prevented this rise hy suturing the posterior ends 
of the divided periosteum and muscle bundles to the anterior edge of 
the neck of the first intact rib, usually fourth or fifth, depending on 
the extent of the resection (Fig. 55). This is followed by one or two 
.sutures to the upper edge of tlie rib mediall}' and anteriorly. Where 
possible a suture is placed through the apical pleura drawing it down- 
ward to the neck of the first intact rib. This procedure obliterates the 
costovertebral gutter (Pig. 70), and it has been especially useful in 
cases with little pleural reaction whei-e paradoxical respiration was 
marked. Once the sutures are placed, the intercostal bundles form an 
apical cap covering the lowered apex (Pigs. 5A and 6B). Tlie perios- 
teum remains intact and through regeneration of new bone tliere is no 
chance left for the apex to ascend toward its original position by sear 
tissue contraction. Overholt- advocates the removal of tlie periosteum, 
intercostal bundles, vessels and nerves of the first and second ribs at the 



7 . — (1 tho iu>nnal eo^lovcrt^hral saiUer before reflection, h shows the 

t of n-nuuul of Uu* rib to the pnKOss, c shows the effect of (Usarticu- 

hitton of the rib and division far down on the neck. Xoto the Increase In antero- 
po.«?{4*iior and lateral coHapso. 


time (if the apieoly.sis. We do not tiiul any advantage in this procedure. 
The preservation of tlto.se structures seems tulvantageous first to form 
iin tipicjil covering wliicdi. when sutured, liolds the apex in its new 
position, S(>eond. tlie.se .struelure.s are frequently firmly attached to 
the endothorneie fascia as a result of tlie underlying liibereulous proc- 
ess and to carry out a wide dissection in this area may re.sult in a 
tuhereitlotis iiifeetioii of the wound. 


(tin- experiences with the earlier eases in which the bundles were 
left intact and not sutured .siiowed a definite rise of the apex - there 
fore we feel that siteli a sacrifice of the periosteum would invariablv 
resnlt 1,1 a movable apex with jmrado.xieal breathing and refraction 
toward ,t.s ong.na! position. Onee complete hemosta.sis is obt-iine 
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level, we encountered an occasional patient where the separation 
mediallj' Avas impossible. The dissection is usually very easy on the 
anterior surface since most caAuties lie medially or posteriorly. An- 
teriorly the pleura is A'exy thin and is easily torn. The internal mam- 
mary vessels can be seen and should not be injured. The extent of 
the apicolysis Avill be determined by the preoperative condition of the 
patient, the location and nature of the undeidying- pathology, the 
amount of paradoxical breathing, the reaction of the patient to the 
anesthetic, and the extent of i-ib resection. In our earlier cases aa'C 
remoA'ed all of the first three ribs around to their cartilages. This 
Avas accompanied by marked reactions. Through the suggestion of 
Semb Ave changed to a removal of all of only the first rib, less of the 



second, and still less of the third and fourtii. Wc then meie j uii 
capped the pleural cupola, at the same time leaving the antcrioi •''Of, 
inents of the second, third and fourth ribs as a support to the anltuoi 
portion of the lung. (Fig. 4A.) Tiiis permitted much le.ss pane ox 
and w'as accompanied by less shock. The removal of the antei ioi seg- 
ments at a later second stage adds the necessary lateral collapse. It 
is best to err on the conservatiA-e ratliei- than on the radical side. 
Once the apicolysis is complete, Semb closes the wound. Wc have 
felt that there xvas no assurance that the ape.x woiihl reziiain in tbc 
collapsed position. In our early casc.s we noted a tciidciiey for the 
ape.v to rise an interspace or more within tiie first four Avei'ks after 
operation. Thi.s avos very en.siiy domonstrntod by placing a .silver clip 
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thereby proA'idiug a certain degree of relaxation and collapse. This 
i.s a radical procedure in itself and the lateral collapse through the re- 
moval of the anterior rib segments should not he added until a later 
(late. Our experience with this group of eases has shown that tlie 
second stage should not be attempted in less than three iveeks, prefer- 
ably four. 

As a rule an incision is made through the old scar, but not through- 
out its entire extent. No effort is made to examine the apex, but 
instead care is exercised to avoid the opening of the serous cavity 
which has acted as an efBeient tamponade since the previous apieo- 
lysis. If the apieolysis is to be increased at this stage, it is necessary 
to eA’acuate the cavity in order to divide the intercostal bundle and 
periosteum of tlie first intact rib. The anterior segments of the third 
and fourth ribs are divided anteriorly but not necessarily around to 
the cartilages. This should be left to another stage. It is not unusual 
for the cavity which persists to appear as a transverse slit at the site 
of the first (usually fifth) intact rib near the costovertebral gutter. 
It is therefore more important to remove the posterior segments of 
the intact ribs than all of the anterior segments of the ribs above. 
The extent of the resections will depend on several factors; i.e., the 
nafure of the lesion, its size and location, the reaction of the patient 
to the first stage, his vital capacity, blood picture, and sedimentation 
rate. ^NHiere tlicsc are satisfactory, it has been a practice to I’emove 
the necessary length of the fifth, sixth, and seventh ribs. It is defi- 
nitely advantageous to get a segment of tlie seventh to prevent an 
incarceration of the scapula and to remove all possible barriers which 
might jirovenl it from falling into the collapsed chest wall. Every 
pnlienl is treated as an individual problem and it may be found neces- 
sary to add a third and even fourth stage operation if his condition 
will not iiennit the necessary ainonnl of rib removal at the second stage. 


ANTiatOLATERAL STAGE 

With large ujiiier lobe stiff-walled cavities it is nece.ssaiy to remove 
all of the anterior segments of the upjicr four or five ribs. This opera- 
tion is done as a third stage and removes all sujiport from the antero- 
lateral chest wall, thereby insuring the maximum collapse through 
the {iropcr usage of shot hags and prc.ssurc pads. Tiie incision em- 
ployed is along the lateral border of the pectoral muscle on women 
but on men we use a vertical parasternal incision extending from tlm 
i.rst rd. candauc downward as far as necessary. The fibers of the 
p.'ctorahs mnyw arc separated and the cartilages and the remainhm 
tenor 111. segments are removed flush with the stenunn The G, i 

"r'-r 

t apicoltsts the penosfeum of the finsf rib 
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without it. This will be discussed later. Semb^ prefers a catheter 
drainage for forty-eight hours with frequent aspirations. In certain 
instances this has definite advantages since there is an excess of serum 
which forms in the large dead space left remaining (Pig. 8). We have 
yet to see a single instance where serum accumulation has not oc- 
curred. Because of this we have not found it necessary to fill the 
dead space above the apex with saline solution as advocated by Over- 
holt.- If drainage is instituted, the catheter can be connected to a 
negative pressure apparatus or kept empty by frequent aspirations 
during the first forty-eight hours. The constant suction is probably 
better since it permits less meddling and therefore lessens the chance 
of introducing infection. The apex is fixed by sutures and there is 



Pip. S. — x-rav film of chest showing large apical cavity on the right side: 
the right hemidiaphragm is not paralyzed. B. s.amc patient after operation : ''|"C t 
no evidence of atelectasis. Tlie homogeneous density above i.s due to .1 collection 
of serum in the dead space formed by the lysis of the apex. 1 slious original -u. 
of apex ■ 2 shows tlie site of the apex after apicolysl.s. 


no danger of its returning to its former position. The average time 
consumed for the entire operation, once the operator is familiar with 
the technique, is three-fourths to one hour. Any attempt to shatter 
records will onlj' result in needless trauma, injury to important stnie 
tnres, and unneee.ssary eomplication.s. 


TUB SECOXD STAGE 

III most instances wliere the cavities have been large and siirroiiiuled 
by thick fibrous tissue waits, a second stage operation bn.S been indi- 
cated. ^ ’mt feel that tilts is an.v argiimont agaiii.st npieolysi.s 
sinee fbe fii^t stage, <lej)enfling upon the extent of fbe ly.si.s, cniniot be 
expceled to 'lo more tlinn sliorten the longitudinal nxts of the lung, 
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tile same as is done iu a first stage apicolysis. Tliese sutures serve tlie 
same purpose; namely, preventing a rise of tlie apex to its former 
position during liealing. The wound is then closed without drainage. 
The revision operation is much more tedious than the primary one 
because of the distuihed anatomic relations. It, therefore, I’equires 
one to two hours operating time. Pi'om our limited experience, it has 
been found that revision operations are next to technically impossible 
if nine to twelve months have not elapsed following the primary stage. 
This allows sufficient time for the regenerated ribs to become thor- 
oughly calcified. Before this, the incompletely regenerated perios- 
teum is fibrous and cannot be separated. The only recourse then is 
its removal, which sacrifices the one possible chance for a rigid sup- 
port of the underlying collapsed lung. 


POSTOPERATm; CARE 


The eare of the patient following apicolysis is most important since 
the pr'oeedure is accompanied by moi'e shock than following an ordinary 
first stage thoracoplasty. This occurs as the result of a combination 
of .several factors. The patient has been submitted to a more radical 
procedure entailing a much wider dissection with a disturbance of 
normal physiologic relations. The wound is exposed for a longer 
l)criod and the blood loss is greater. All of our patients suffered from 
shock following ojieration. The intensity ranged from a mild to a 
severe degree. Our criteria for shock ai’C based on a low blood pres- 
sure, systolic below So mm. Ilg. accompanied by a rapid pulse, over 
100, and a pale, cold, leaky skin. We have attempted to prevent this 
by the administration of rectal and intravenous fluids during the 
operation. The fir.st evidence of shock often manifests itself when the 
patient is transferred from the operating table to his bed. This occurs 
whclber the oj>eration has been performed in the prone or lateral 
Iiosition. We have always placed the patients on the bed in the 
supine iiosition since there is less pain and the i-espiratory exchange 
is most efficient in this po.sition. Intrapharyngeal oxygen is u.sed 


routinely after each fir.st stage. The nasal tube is inserted by the 
anesthetist while the patient is on the operating table; the oxygen 
flow is regulated between five and seven liters per minute. This is 
is.ntinned for tlie fir.st twenty-four to forty-eight hours after which 


it is gradually reduced until the patient is weaned. If the degree of 
shock is marked, heat is applied through the use of an electric cradle 
Intravenous glucose and subentaueous saline are administered first 
If these <lo not sma-ced in maintaining the blood pre.ssure a trins 
n.s.ou ,s given. The patient’s jio.sition is fre(,«ently changed and we 
uiMM on Ins coughing to rid the tracheobronchial tree of anv secre- 
tions uh.ch may have bee, srjueeml from the cavilv duriim tiie'lvsis 
n- uaportaut particulnrly in o.ases where the diaphi/gn. on iTo 
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was di'i'ided anteriorly and allowed to follow downward with the 
apex. It therefore offers no bai'rier to collapse. This saves time since 
its z’emoval is more difficult than the other cartilages. 


REVISION OPERATIONS 


It is generally accepted that there are certain cavities ^Y]lich will 
resist all the collapse measures which we have available. There are a 
small number of these if we make a critical analysis of our failures. 
The usual causes are : the removal of an inadequate amount of rib in 
the region of the cavity, too few stages, or the inefficient use of pres- 
sure pads. We have encountered several of these patients and real- 
ized that further surgeiy was needed. The cases chosen were those 
who had had adequate rib removed but in whom cavity closure was 
unsuccessful because the eavit\' had been converted from a rounded 
one into a narrow longitudinal slit nestling in the costovertebral gut- 
ter alongside the bodies of the upper three or four dorsal vertebrae. 
In this series it was obvious that the maximum amount of pressure 
applied laterally had been obtained and that the cavity was suspended 
from the apex due to its fixation through ligamentous attachments. 
To overcome this and to promote longitudinal collapse, a paraverte- 
bral incision is made through the old scar. The scapula is separated 
from the chest wall by sharp dissection. Since there is a distortion of 
the normal anatomic relatioms, especially in the region of the brachial 
plexus and the regenerated first rib, it is much safer to start at the 
level of the third or fourth ilbs near the vertebrae. The regenerated 
segments are removed until tlie first rib is reached. At times this will 
allow adequate orientation to proceed with its removal 2>roviding the 
scalene muscles have not pulled the regenerated periosteum high into 
the neck. If this condition exists, it is much simpler to start at l))e 


level of the fourth rib at its posterior end and find the line of cleavage 
in the endothoraeie fascia. By dividing the intercostal bundles and 
periosteum, the line of cleavage can be followed upward. The apex 
is exposed as an elongated cone pointing upward. The greatest care 
must be exercised as the lysis is carried out since the cavity may bo 
opened residting in numerous complications (to be discussed later). 
If a marked peripleuritis is present, the lysis should be done by sliarp 
di.sseetion. When the ligaments at the apex are divided, the operator 
must be on guard against in.jnry to the first thoracic component of 
the brachial plexus. It is jmssible at limes to complete the lysi.s Avith- 
ouf disturbing the regenerated first rib. If it is left, no barrier to 
collapse i.s ofTered by its prc.sencc because the lung containing the 
lesion "'ill be disi>Iaced downward. ItcmoA’al of the rib is much easier 


after tlic b'sis has been eompJoted becan.se all important sfrncfnre.s 
can be casil.A a istmlizcd. At tin's .stage wo .suture the posterior ends of 
the diA-ided intercostal hmoVrs ntul periosteum to the first intact ril 
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the same as is done in a first stage apieolj^sis. These sutui’es serve the 
same purpose ; namely, preventing a rise of the apex to its formei 
position during healing. The wound is then closed without drainage. 
The revision operation is much more tedious than the primary one 
because of the disturbed anatomic relations. It, therefore, requires 
one to two hours operating time. Prom our limited experience, it has 
been found that revision operations are next to technically impossible 
if nine to twelve months have not elapsed following the primarj’ stage. 
Tliis allows suffieient time for the regenerated ribs to become thor- 
ougld}’’ calcified. Before this, the incompletely regenerated perios- 
teum is fibrous and cannot be separated. The only recoiirse then is 
its removal, which sacrifices the one possible chance for a rigid sup- 
port of the underlying collapsed lung. 


POSTOPERATira CARE 


The care of the patient following apicolysis is most important since 
the procedure is accompanied by more shock than following an ordinary 
first stage thoracoplasty. This occurs as the result of a combination 
of several factors. Tlie patient has been submitted to a more radical 
procedure entailing a much wider di.ssection with a disturbance of 
normal physiologic relations. The wound is exposed for a longer 
period and the blood loss is gi'Cater. All of our patients suffered from 
shock following operation. The intensity i-anged from a mild to a 
severe degree. Our criteria for .shock are based on a low blood pres- 
sure. systolic below So mm. Ug, accompanied by a rapid pulse, over 
100. and a pale, cold, leaky skin. We have attempted to prevent this 
by the administration of rectal and intravenous fluids during the 
operation. The first evidence of shock often manifests itself when the 
patient, is transferred from the operating table to his bed. This occui’s 
whether the operation has been pcrfo7-med in the prone or lateral 
l)n.sition. We have always placed the patients on the bed in the 
supine position since there is le.ss pain and the respiratory exchange 
is most eflirient in this i)o.sition. Intrn])hnryngcal o.vygen is used 


ro\itinely after each first stage. The nasal tube is inserted by the 
anesthetist while the patient is on the operating table; the oxygen 
flow is regulated between five and .seven liters per minute. This is 
eontinned for the first twenty-four to forty-eight hours after which 


it is gradually reduced until the patient is weaned. If the degree of 
shock is marked, lie.at is applied through the use of an electric cradle 
Intravenous glucose and subcutaneous .saline arc administered first 
If these d.i not succeed in maintaining the blood prc.ssure a trms 
Ins, on ,s gn-cn. The patient's position is frequently changed and* we 
ms.st on Ins couglnng to r.d the fraeheobronehial tree of anv secre- 
tmns ulnch may have been squeezed from the eavitv durhm the Ivsis 
lins .s „np.,Han, ,.ar,.eularly iu eases where the diaplu4m L! tTe 
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was divided anteriorlj’’ and allowed to follow downwai'd with the 
apex. It therefore offers no barrier to collapse. This saves time since 
its removal is more diffieult than the other cartilages. 

REWSION' OPERATIONS 

It is generally accepted that there are certain cavities which will 
resist all the collapse measures which v’e have available. There are n 
small number of these if we make a critical ajialysis of onr failures. 
The usual causes are ; the removal of an inadequate amount of rib in 
the region of the cavity, too few stages, or the inefficient use of pi'cs- 
snre pads. We have encountered seA'eral of these patients and real- 
ized that further snrgeiy was needed. The cases chosen were those 
who had had adequate rib removed but in ivhom cavity closure was 
unsuccessful because the cavity had been converted from a rounded 
one into a narrow’ longitudinal slit nestling in the costovertebral gut- 
ter alongside the bodies of the upper three or four dorsal vertebi’ac. 
In this series it was obvious that tlie maximum amount of prcs.snvc 
applied laterally had been obtained and that the cavity was suspended 
from the apex due to its h.xation through ligamentous attachments. 
To overcome this and to promote longitudinal collapse, a paraverte- 
bral incision is made through the old scar. The scapula is separated 
from the chest wall by sharp dissection. Since there is a distortion of 
the normal anatomic relations, especially in the region of the brachial 
plexus and the I’Cgenerated first rib, it is much safer to start at the 
level of the third or fourth ribs near the vertebrae. The regenerated 
segments are removed until the first rib is reached. At times this will 
allow adequate orientation to proceed with its removal providing the 
scalene muscles ha%'e not pulled the regenerated periosteum high into 
the neck. If this condition exists, it is much simpler to start at the 
level of the fourth rib at its posterior end and find the line of cleavage 
in the endothoracic fascia. By dividing the intercostal bundles and 
periosteum, the line of cleavage can be followed upward. The apex 
is exposed as an elongated cone pointing upward. The greatest care 
must bo exercised as the lysis is carried out .since the cavity may he 
opened resulting in numerous complications (to be discu.sscd Intel)* 
If a marked peripleuritis is present, the lysis should be done by -sliari) 
dissection. When the ligaments at the apex arc divided, the operator 
must be on guard against injury to the first thoracic component of 
the hriiehin] ploxii.s. Jt is [lo.ssible at times to complete the lysis with- 
out (lisfnrbiiig the reg’onernted first rib. If it is left, no barrier to 
coJlnpse is olTcrecl by its presence bccnu.se the lung contnining the 
lesion will be di.spinecd downward. Kcmovnl of the rib is much easier 
after the ly.sis bocn ennip/etcd because all important stnicturc.s 
can be ea.sily visualiz-U. At tins .stayc wc suture the posterior ends of 
the divided .ntercos.al I.,„„ncs auU p-nosteun, fo the first, intact rit 
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peripheral or spinal block anesthesia, chloroform, or tribromethanol 
are used. Certain unsatisfactory accompaniments with the usage of 
the latter group, such as prolonged circulatory and respiratory de- 
pression, have seemed to us to overshadow the few possible advan- 
tages they maj' possess. 

Moderate premedicatiou with morphine and scopolamine followed 
by skillful, quiet induction of the anesthesia by inhalation has, in our 
hands, seldom resulted in disturbances of respiration. The use of the 
carbon dioxide absorption technique has proved desirable since it of- 
fers the patient a warm, moist atmosphere. Absolute freedom from 
respiratory obstruction is essential, and with few exceptions we have 
found a pharyngeal airway adequate. This permits a lighter plane 
of anesthesia than is required for tracheal intubation. A slow induc- 
tion with nitrous oxide or c 3 ^clopropane with a small face mask af- 
fords little dead space. An atmosphere is emploj'ed which simulates 
the oxygen content of room air as eloselj' as is consistent with ade- 
quate ox.vgenation of the blood and tissues. This will, in a majoritj' 
of cases, produce anesthesia without cough or h}'perpnea. 

Certain precautions in the application of carbon dioxide absorption 
technique are important. We believe that a minimum disturbance of 
the ox^’gen and carbon dioxide balance of the patient’s blood and 
(issues gives the best results. Oxygen tension in the anesthetic atmos- 
phere, in excess of that suCSeient to avoid bad color and disturbances 
of the pulse rate and blood pressure, has at times seemed to give a 
false sense of security during the operation and has been followed bj' 
di.sappointment in the immediate postoperative period. Ph.v.sical con- 
trol of intrapulmonaiy pressure Iw modei’ate and carefullj' individ- 
ualized distention of the thin rubber breathing bag will usuall.v con- 
trol anj' tendenej’ to paradoxical respiration. 

A.VAEYSIS or CASES 

This report consists of an analj'sis of sixtj'-five eases which have had 
extrafasvial ajdeolysis. Forty-four of these have been operated upon 
at. the Wisconsin Ceneral Hospital and twent.v-one at the Wisconsin 
State Sanatorium during an eighteen-month period from Jamiarv, 1936 
to July, 1937. Eight additional cases have undergone revision opera- 
tions with extrafascial apicol.vsis. 


LNOIfATIOXS KOa Ol'EUATION 

Our indications for this procedure on the sixtv-dve primarv cases 
have I, ecu rather broad. We have used it with apical eavitatio'n par- 
t.cn arly m large smglc or multiple cavities surrounded bv thick in 
e las K. .hrous t.ssue wa Is and atelectatic indurated lung pm-enehtn a 
It as n so us, A when the disca.se was confined to the aj>ex siucTi t ne, 

I ,1,.' of ,|„ 
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operated side is fixed. Unless these secretions are removed, an atelec- 
tasis may result. The usual drugs are employed to control pain. 
These are used in as small doses as possible in order not to suppi-ess 
the cough reflex. A bedside x-ray film is taken during the first 
twenty-four hours to determine if any atelectasis has occurred. This 
is followed by more films to provide a close check on any important 
change in the pulmonary pathology which may manifest itself later. 
Compression pads are used as soon as they can be tolerated by the 
patient. The wound is watched closely for evidence of increased 
pressure within the dead space. This manifests itself in the form of 
a quickened respiratory rate, pain in the arm on the operated side, 
and at times by a bulging at the base of the neck anteriorly. If the 
pressure is sufficient to cause these signs and symptoms, a needle is 
inserted in the interscapular space at a distance from the line of in- 
cision and the excess serum removed. This is ahvays cultured to 
detei'mine the presence or absence of microorganisms. The pain fol- 
lowing apicolysis is less than that encountered following ordinary 
thoracoplastj'. This is probably due to the dhusion of the upper inter- 
costal nerves. The postoperative care following the second or antero- 
lateral stages is essentially the same as following the first stage. 
These, however, are accompanied b3’’ less shock and discomfort. The 
blood picture should be cheeked closely following each stage since 
the cumulative effect of previous stages often lowers the hemoglobin 
remarkably. This is controlled AAuth frequent small blood transfusions. 

ANESTHESIA 

The problem of anesthesia for these patients is a complicated one. A 
mutual understanding between the surgeon and the anesthetist is im- 
perative. Waters and his staff have cooperated with us in solving 
these difiSculties and this has resulted in the evolution of a technique 
which is satisfactoiy for the patient as well as the anesthetist and 
the surgeon. Waters^ feels that an acquaintance with tlie use of a 
given combination of drugs and a certain skill in the individualization 
of their administration is most important. He states that no one 
agent or technique solves the problem for all patients or for every 
surgeon or anesthetist. Coughing, hj’perpnea, and paradoxical breath- 
ing are to be avoided since thej' not onl3^ increase the difficult}'' of the 
surgical procedure but also increase the liabilit}^ of the .spread of in- 
fected seoi'etions into clean areas of the tracheobronchial tree and 
possible rupture of the lung. Excessive bleeding is to be avoided. A 
depression of the cough reflex for a period longer than the time con- 
sumed for the operation is undesirable. 

All of the following gase.s; nitrous oxide, etlylene, C3'c]opropane, 
and ethei in niodoiate dosjige probably iuerea.se periphei’al blood flow. 
Tin's rcsult-s in <i ^realoi los.s of bJood during the operation than when 
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peripheral or spinal block anesthesia, chloroform, or tribromethanol 
are used. Certain luisatisfactorj' accompaniments with the usage of 
the latter group, such as prolonged circulatory and respiratory de- 
pression, have seemed to us to OA'ershadow the ferv possible advan- 
tages they maj^ possess. 

Moderate premedication with moi’phine and scopolamine followed 
by skillful, quiet induction of the anesthesia by inhalation has, in oiu' 
hands, seldom resulted in disturbances of respiration. The use of the 
carbon dioxide absorption technique has proved desii’able since it of- 
fers the patient a warm, moist atmosphere. Absolute freedom from 
respiratory obstruction is essential, and with few exceptions we have 
found a pharyngeal airway adequate. This permits a lighter plane 
of anesthesia than is required for tracheal intubation. A slow induc- 
tion witli nitrous oxide or cyclopropane with a small face mask af- 
fords little dead space. An atmosphere is employed which simulates 
the oxygen content of room air as closely as is consistent with ade- 
quate o.xygejiation of the blood and tissues. Tliis will, in a majority 
of cases, produce anesthesia without cough or hyperpnea. 

Certain precautions in the application of carbon dioxide absorption 
technique are important. "We believe that a minimum disturbance of 
the oxygen and carbon dioxide balance of the patient’s blood and 
tissues gives the best results. Oxygen tension in the anesthetic atmos- 
phere, in exce.ss of that sufficient to /ivoid bad color and disturbances 
of the pulse rate and blood pre.ssure, has at times seemed to give a 
false sense of security during the operation and has been followed by 
disappointment in the immediate postoperative period. Physical con- 
trol of iiitrapulmonary pressure by moderate and carefully individ- 
ualized distention of the thin rubber breathing bag will usually con- 
trol any tendency to paradoxical rc.spiration. 


ANALYSIS OF CASES 

'I'ilis report eonsist.s of an analysis of sixty-five eases which have had 
extrafaseial apieolysis. Forty-four of these have been operated upon 
at the Wisconsin (Icneral Hospital and twenty-one at the Wisconsin 
State Sanatorium during an eighteen-month period from Januarv 1.936 
to July, 1937. Eiglit additional eases have undergone revision opera- 
tions with extrafaseial apieolysis. 


i.smcATio.x.s FOR omatATio.v 

Onr indications for tins procedure on the sixty-five primarv cases 
have been rather broad. A\ c have used it with apical cavitation par- 
tnm ar ly in large single or multiple cavities surrounded bv thick in 

- 
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operated side is fixed. Unless these secretions are removed, an atelec- 
tasis may result. The usual drugs are emploj^ed to control pain. 
These are used in as small doses as possible in order not to suppress 
the cough reflex. A bedside x-ray film is taken during the first 
twenty-four hours to determine if any atelectasis has occurred. This 
is followed by more films to provide a close check on any important 
change in the pulmonary pathology which may manifest itself later. 
Compression p)ads are used as soon as they can be tolerated by the 
patient. The wound is watched closely for evidence of increased 
pressure within the dead space. This manifests itself in the form of 
a quickened respiratory rate, pain in the arm on the operated side, 
and at times by a bulging at the base of the neck anteriorly. If the 
pressure is sufficient to cause these signs and symptoms, a needle is 
inserted in the interscapular space at a distance from the line of in- 
cision and the excess serum removed. This is alwa}’^s cultured to 
determine the presence or absence of microorganisms. The pain fol- 
lowing apicolysis is less than that encountered following ordinary 
thoracoplasty. This is probably due to the division of the upper inter- 
costal nerves. The postoperative care following the second or antero- 
lateral stages is essentiall}’ the same as following the first stage. 
These, however, are accompanied by less shock and discomfort. The 
blood picture should be cheeked closely following each stage since 
the cumulative effect of previous stages often lowers the hemoglobin 
remarkablj'. This is controlled with frequent small blood tra)isfusions. 

ANESTHESIA 

The problem of anesthesia for these patients is a complicated one. A 
mutual understanding between the surgeon and the anesthetist is im- 
perative. Waters and his staff have cooperated with us in solving 
these difficulties and this has resulted in the evolution of a technique 
which is satisfactory for the patient as well as the anesthetist and 
the surgeon. Waters" feels that an acquaintance with the use of a 
giimn combination of drugs and a eei-tain skill in the individualization 
of their administration is most important. He states that no one 
agent or technique solves the problem for all patients or for every 
surgeon or anesthetist. Coughing, hyperpuea, and paradoxical breath- 
ing are to be avoided since they not only increase the difficulty of the 
sui'gical procedure but also increase the liability of the spiead o in 
feeted secretions into clean areas of the ti’acheobronchial tree an 
possible rupture of the lung. Excessive bleeding is to be avoided. A 
depression of the cough reflex for a period longer than the time con- 
sumed for the operation is undesirable. 

^11 of the following gases: nitrous oxide, etliylene, cyclopropane, 
and ether in nioderate dosage probably increase pei’ipheral blood flow. 
Tliis re-snlts in a greater loss of blood during the operation than when 
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Table n 

Causes or Cosiplicatioks "Which Wjeee “UxpFvEdictable” 


KO. OF PATIENTS 

CAUSE 

OUTCOME 

4 

Severe wound infection 

Recovered 

1 

Streptococcus pneumonia 

Died 

1 

Hemorrhage after cavity was opened 

Died 

1 

at time of operation 

Cystitis and bilateral phlebitis 

Recovered 

1 

Cardiac dilatation 

Died 

1 

Diabetes and severe wound infection 

Still in hospital 

1 

Tuberculous empyema 

Recovered 

1 

Pulmonary thrombosis 

Died 

1 

Heart failure (digitalis) 

Recovered 

1 

Wound infection and asthma 

Recovered 

13 Total 


Dead, 4 

Recovered, S 

Still in hospital, 1 


room if tlie3’ had an upper respiratoiy infection. Only those actively 
engaged in the operation were allowed in the operating room. These 
precautions resulted in a marked reduction in the number of mfec- 
lious, but did not succeed in entirelj' eradicating them. Our attention 
was then directed to the fact that a much higher percentage of in- 
fections occurred in the patients in whom drainage was instituted. 
For this reason we have now eliminated all drainage following apico- 
Ij’sis with the result that we are getting an increasingly small number 
of infections. 

Table IU 

RELATIOSSUIP ok ISKECriOK TO Dn.UNAOE 


.VO. OK STAGES 

CLEAK 

IN’FECTED 


A 



30 

One stage with apicolysis drained 

23 

7 (23.0%) 

35 

One stage with apicolysis not drained 

32 

3 ( 8.5%) 

05 

Total 

55 

10 (15.0%) 


Ji 



•lO 

Second, tliird and anterolateral stages drained 

on 

4 (15.4%)) 

■30 

Second, third and antcrolatcnil stages not drained 

47 

2 ( 4.0%) 

75 

Total 

on 

G ( 8.0%) 


.1 (tntl }t 



50 

St 

Drained 

Not drainivl 

45 

79 

n (1P.G%) 
5 ( 5.9%) 

MO 

Total* 

124 

It; (11.4%) 

•T'li 
III ilil' 

I ■'ilVl..' prevlmisty infwt.a 

Ilelds are not .-liowii 


Cans,, of Co,i,pl,c„t,o„s Whirl, llVrr Pralictablc (Sre Table lY) — 
fprlnm .■ompliealions oan be avoided if due care and dili-^ence -ire 
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in one instance, we have not employed the i>i’Ocedure where apical 
cavities were not demonstrable because the added hazard was not 
deemed justifiable. There were certain clinical, laboratoiy, and x*ray 
findings which were found to be of some prognostic significance. 
These have been correlated with the convalescence which has been 
divided into three types; First, the easy in which there was no )nore 
than the ordinary postoperative febrile reaction on the second and third 
days, little or no dyspnea, no increased toxemia, and iro necessity for 
postponement of the second stage. Second, the moderately severe in 
Avhich there was a short-lh'ed dyspirea, transient increase in toxemia 
during the first week after operation, and where it was necessary to 
delay the second stage for a period of not over six weeks. Third, the 
stormy where there was a severe and prolonged postoperative febrile 
reaction, moderate to severe dysxmea requiring oxygen for at least 
one Aveek or more after operation, marked toxemia Avith or Avithout 
x-ray eA’idenee of a spread of the tuberculous process, and Avhere the 
second stage had to be delaj’-ed for a period of six weeks to six months. 

Cause of Death m Sixty-Five Patients (See TaUc I). — The argument 
often used against the performance of a given surgical operation is 
frequently directed at the accompanying mortality. This Avas one of 
the chief early objections to extrapleural thoracoplasty. It has been 
practically dispelled, however, AA’ith an increasing experience AAdiich 
has tanght us to fit the operation to the patient and not the patient 
to the operation. This attitude Avill, Ave believe, enable us to continue 
to reduce the mortality folIoAAdug this more radical procedure. 


Table I 

Cause op Death in Sixty-Five Cases 


AGE AND SEX 

CAUSE 

postoperative 

day 

39 U 

Cardiac dilatation 

1 

29 M 

Streptococcus pneumonia 

s 

42 M 

Tuberculous wound infection and hemorrhage 

CO 

31 F 

37 F 

7S% Total mor- 
tality 

Pulmonary thrombosis 

Tuberculous pneumonia on opposite side 

(3 

6 


Causes of Complications Which Were Vnprcdictahle (Sec Table 11)-^ 
— Certain unpredictable complications Avill ahrays occur in cases ot 
this tj’pe. Altliough tliey may not alAA'ays be of a serious nature, tlie.A 
are usually" the cause of a fair percentage of the deaths. 

Bclationship of Infection to Drainage (Sec Table 111)- — After per- 
forming scA’cral of these operations it soon became e\’ident that wc Avere 
getting an exti-aordinarily high percentage of infections. At the time 
there were a large number of acute respiratory infections among our 
operating room staff. tVe .attempted to eliminate this source of con- 
tamination by excludmg all nssistaiit.s and nuisos from the operating 
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toxemia and often pain over tire collapsed area. The temperature was 
usually slightly elevated; dyspnea and cyanosis appeared parti culaily 
in those patients with a low vital capacity. The lung field became 
opaque to x-ray (Fig. 9B). The sputum, which was temporarily in- 
creased after operation, diminished greatly or became absent. On 
phj’sical examination the heart could be found to have shifted to the 
collapsed side, depending upon the flexibility of the mediastinum. The 
percussion note was dull to flat. Breath sounds were greatly dimin- 
ished to absent; if present, usually bronchial in character and heard 
onl}’- over the hilum. If the collapse was uncomplicated by a spread 
of the tuberculous process or infection, it gradually cleared over a 
period of two to three weeks. X-rays showed the density clearing at 
the hilum and in the larger bronchi fii’st. This was accompanied by 
the appearance of rfdes here. The spntnm which was scanty or entirely 
absent became copious for the next two to three days. The patient's 
general condition improved, the appetite increased, and the pulse and 
temperature returned to normal. Usually the lung entirely cleared in 
three to four weeks (Pig. 10). 

Prom these figures we assume that preoperative diaphragmatic pa- 
ralj’sis was a factor in the production of a postoperative atelectasis. 
The mechanics are not thoroughly understood. Theoretically it may 
be said that the pistonlike action of the diaphragm is a most important 
asset in keeping the bronchial passages free of seeretions. If this 
aetion is lost, the overactivity of the unopposed intercostal muscles is 
inadequate. This may be true in a certain group of cases, but does 
not answer the question satisfactorily since 26.5 per cent of those with 
normal diaphragmatic movement were victims of the same complica- 
tion. Some of these patients may have developed this condition be- 
cause of a stenosed bronchus or through the aspiration of a large 
amount of thick tenacious material which could not be expelled under 
any conditions. Another factor conducive to the development of sub- 
sequent atelectasis is the weakening of the chest wall through rib 
resection and paradoxical respiration. These we have tried to elimi- 
nate by the removal of shorter segments of the fourth, third, and 


second ribs at the time of the apieoly.sis. The paradoxical re.spiration 
has further been combatted by suturing the apex and surrounding 
structures in their new position (see Technique). Tiiis complication 
has occurred in both groups desj)ite a earefnl iireoperalive emptyinn- 
of the tracheobronchial tree by coughing and ligld anc.sthesia duriim 
the operation which will allow cough immediatelv after We are 
nnalde to say at this time whether this condition oeeni-s more frequently 
after ap.colysis than aft, a- an ordinary ti,-s( ,vf,,gc (horacoplastv ^ 

^ r /o P„sfop.nrf,W Co„ra!r.<cn,cr Ysec Tallr 
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operatively. On tlie other hand, it must be remembered that the bad 
risk patient is doomed to chronic invalidism or early death if surgical 
collapse is not instituted. The number of operative stages will have 
to be increased and each stage lessened in extent, often being accom- 
panied by a predictable stormj' convalescence or even death. Kegardless 
of this, it seems justifiable to attempt to salvage what few we can 
from a certain fatal outcome. 


Table r\’’ 

Causes of Complications 'Wiiicii Were “Predictable"’ 


NO. OF PATIENTS HAVING A STORMY COURSE 

2 Spread of tuberculous process to opposite side (one dead) 

0 Prolonged atelectasis ivitli questionable tuberculous pneumonia 

4 Tuberculous toxemia 

1 Atelectasis and spread of tuberculous process to the base 
1 Spread of tuberculosis to both sides 

1 Tuberculous pneumonia 

15 Total 


The Relationship of Biaphragmatic Paralysis and Postoperative Ate- 
lectasis (See Table V). — A study was made of forty-four patients.® All 
were fluoroscoped to determine if there was a true diaphragmatic 
liaralj'sis present. In one instance the parali'sis was questionable be- 
cause of a thickened pleura and accompani’-iug fibrosis of the under- 
lying lung. Two with and five without diapliragmatic paralysis had 
preoperative atelectasis and two others with questionable paralysis 
also had preoperative atelectasis. These were not used in our calcu- 
lations. Of the thirty-five patients in whicli we were sure as to the 
mobility of the diaphragm, postoperative atelectasis was almost twice 
as frequent in the eases with preoperative diaphragmatic paralysis. 


Table V 

Relationship of Diapuragmatic Paralysis to Postoperative Atelectasis 


NO. OF 
PATIENTS 


D EVELOPED ATELECTASIS 
AFTEE AFTEE PEE CENT AFTEE 

FIEST STAGE SECOND STAGE FIRST STAGE 


50.0 

2G.5 


16 with diaphragmatic paralysis S 1 

19 without diaphragmatic paralysis 5 1 

1 with questionable diapliragmatic paralysis A o+Mppiocis 

2 with diaphragmatic paralysis with complete preoperatne atelectasis 
5 without diaphragmatic paralysis with complete preoperative atelec 

1 with questionable diaphragmatic paralysis w’ith complete preoperatiie 
atelectasis 


41 Total 


The first signs and symptoms of atelectasis usually occurred on the 
third or fourth postoperative day. Thez'e "were signs of increased 


r(?*done°ln^ the ^AvfsconSn *suitc since the remafnlnf? twenty^nc 

^u*tJno bedside x-rays rostorcratlvcfy. ***” wijore it ivas impossible to obtain 
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that it is rare and that wJiat is called atelectasis is nothing more than 
a so-ealled pleural reaction. To clieek this we have made many tho- 
racenteses to determine if a pleural exudate ■was present and in every 
instance no fluid was obtained. After following these cases earefnlly 
by phj^sical examination and x-ray, we noted a clearing of the lung 
parenchj^ma in most instances. Because of our experience we feel 
that the cause of a stormy eonvaleseenee is frequentlj’’ misunderstood 
and the etiology erroneously attributed to an autotuberculinization, 
spread of the tuberculous process, or to a tuberculous pneumonia, 
■ndien in reality it is due to an atelectasis. This complication very fre- 
quently produces a stormy postoperative course. 


Table VI 


Relationship of Atelectasis to Postoperative Convalescence 


NO. OF 

FATIENTS 

TYPE OP 

EASY 

CONVALESCENCE 

STOEMY 

13* 

developed postoperative atelectasis 

3 

10 (77.0%) 

19 

did not develop postoperative atelectasis 

IS 

1 ( 5.5%) 

7 

had preoperativG atelectasis 

4 • 

3 (43.0%) 

39 

Total 

25 

14 (30.0%) 


*Of these IS patients. S (62%) had preoperative diaphragmatic paralysis. Five 
were taken out because they had unpredictable complications. 


F/ie Effect of Active Progressive Contralateral Titherculosis on Con- 
valescence (See Table YII ). — The evaluation of patients who are pos- 
sible candidates for thoracoplasty is not always easy since frequently 
the picture is complicated by the presence of contralateral disease. "We 
ai’e unable to predict what the lesion in the opposite lung will do after 
surgery for closure of the original focus. The shock of the operation 
along with the temporaiy lowering of the patient’s resistance and the 
increased burden thrown upon the better lung may result in a rapid 
spread of the disease. The more acute and widespread the disease in 
the better lung, the more often this will occur. 


Table VH 


Effect of Active Progresswe Contralateral Tuberculosis on Convalescence 


NO. OF 

patients 


type op convalescence 
easy storjiy 


6 ■with active contralateral tuberculosis 2 4 (6J%) 

45 with quiescent or no contralateral tuberculosis 34 (- /o) 

1 with questionable contralateral tuberculosis 1 


53 Total 


37 15 (30%) 


Showing the Effect of Yital Capacity on Postoperative Course (See 
Table YIII). Since tlie vital capacit3’^ was taken routinely on all pa- 
tients preoperativ elj-, we have compared tliese findings with the type of 
convalescence. In each instance a spirometer was used. TJie percentage 
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of Dormal was calculated for each patient. This was done because the 
measurement of volume alone is unsatisfactory. A Autal capacitj’' of 
1 liter for one individual might he 50 per cent of the normal, while 
in another it would he only 25 per cent of the normal. For several 
years we have considered a vital capacity of less than 35 per cent as 
.significant of a dangerouslj’’ low respiratory reserve. We liave tided to 
oi'crcome tlie a.ssoeiated dangers by doing less at each operation and by 
increasing the number of stages. We have also realized that manj^ fac- 
tors must be considered in evaluating the vital capacity readings. If 
all these factors are kept in mind, we feel that vital capacity readings 
are of definite value. 

Table VIII 


SHowixo THE Effect of Vital Capacity o.v PosTOPEnATi\-E Course 


NO. OF 

PATIKNTS 

TrpKS OF 

EASY 

CONV^VI/ESCENCE 

MOPErwATELV STORMY 
OH STORMY 

11 %’itul capacitv less tlian 35% 

5 

(45%) 

c. 


.'19 vital capacity over 35% 

31 

(S0%) 

8 

(20%) 

2 vital capacity not recorded 

1 


1 


52 Total 

37 

(72%) 

IS 

(29%) 


Effect of Sedimentation Bate on Convalescence (Sec Table IX ). — 
The blood sedimentation rates were cheeked on these patients and they 
were classified into tliree groups: those with a fall of 0 to 15 mm. in 
one lionr slow, 15 to 24 mm. medium, and over 25 mm. rapid. These 
were in turn compared with the type of convalescence to determine if 
there miglit be any possible connection. This comparison shows that 
the .slower the sedimentation rate, the more likely the patient is to liave 
an easy convalescence. It also demonstrates that some importance 
should be attached to this laboratory procedure. 


Table IX 

Efff.ct of I’r.Forr.RATivr. Sr.iiiMKST.\Tio.s- H.stf. os Cosyalescenci: 


so. or PATIV.STS 

10 

w, 

."*» 'r<e:il 


SEIUMF.NT.ATIO.S 

n.VTK 


TYPE or rOSVAI.aSCESCE 

moiiep.ately .sTonjiY 

OP. RTORMV 


E.\SV 


ItBpilt 

Mciiiiim 

tflow 


;» 

17 

II 


s 


(t’-lrr) 

(t-Wf) 


I.'. 




77-, J{,lat,„n>h,p of ih, I.euroeulir Pirlor, to the Postoperative Con 
vaUsnor, ( S, , Tahh X).-A «„vf,d record was kept of the prcoimra- 
tnc icm-ocjt,. emits This was made as simple as possible lince the 
n!i-mv,-yt<-s Were m-i jilwav.s counted If 11.,% i • ‘ 

-VCF TO ,...r ...m, ly,uZ'vtc.s blw ^ 

vttiisidorcii ha*! WJiJn f}j» i* i i cent, fjjo j)ieture 

Uh.n the polymorphonuclears were above 70 
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per cent and the lymphocytes above 20 per cent, or the polymorpho- 
nuclears below 70 per cent and the lymphocytes below 20 per cent, it 
was considered fair. If the pcljunorphoiiuclears were below 70 per 
cent and the lymphocytes above 20 per cent, it was considered good. 
Although this has not been accepted as a classification, we have 
checked it against the type of convaleseenee and found that it worked 
out as expected. AVe hope to use it in the future as a relatively simple 
method Avhich will help evaluate the condition of the patient. 


Table X 

Relationship of the Leucocytic Picture to the Postoperative Convalescence 


NO. OF PATIENTS 

LEDCOCYTIC 

PICTURE 

TYPE OP 
EASY 

CONVALESCENCE 

STORMY 

9 

Bad 

2 

7 (78%) 

IS 

Eair 

12 

3 (20%) 

28 

Good 

23 

5 (18%) 

52 Total 


37 

15 (29%) 


The Effect of Operation on Cavity Closure (See Tahle XI). — ^X-ray 
films were taken after each operation to determine the effect of each 
stage on the reduction in size of the cavity. It was evident from these 
studies that the apieolysis alone did not always succeed in closhig the 
cavity. Other stages had to be performed to add the necessary lateral 
collapse. In many instances cavities appeared closed to the ordinary 
flat plate but were found to be open following an overexposed Bucky 
film. As seen in the table, the percentage of cavities closed was high 
except in those patients where complications arose which prevented 
further surgery. 

Table XI 


Effect of Operation on Cavity Closure 


NO. OF patients 


65 Had apieolysis 

5 Died 

60 Survived 

54 Surgery completed or suspended 

53 Cavity present before operation 

47 (88.7%) Cavity closed 

6*(11.3%) Cavity open 


•3 too ill for completion of the contemplated number of stages. 

1 had apical cavity closed but basal cavity open. 

1 cavity open because of delay of later stages due to wound infection. 

1 cavity was thought to be closed but later x-rays demonstrated that it was sim 
open. 


Eclation of Cavity Closure to Sputum (See Tahlc XII ). — The closure 
of a tuberculous cavitj' does not mean that the patient is going to show 
a negative sputum. The walls of the cavity may be brought into ap- 
position^ but the tubercle bacilli continue to escape through a com- 
municating bronchus. If the bronchus is Icinked simultaneously with 
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tlie cavity closure, the sputum will become negative. We have seen 
eawties with thick fibrous walls adequately collapsed but no tendency 
to heal as .shown months later at postmortem. It seems more impor- 
tant that the communicating bronchus become closed in old cavities 
than in the new ones which are still capable of closing and healing 
with a sufficient amount of relaxation supplied through operation. In 
this group of cases the ratio of negative sputum ran very close to the 

Table XU 


Relation of Cavitv Closure to Sputum Exasiinatiok 


NO. OF PATIENTS 


53 

Before Operation 

Cavity present 

51 

Cavity open, sputum + 

41 (80%) 

After Operation 

Cavity closed, sputum - 

2 ( 4%) 

Cavity closed, sputum guinea pig + 

Apical cavity closed, basal cavity open, sputum - 
Cavity closed, sputum + 

1 ( 2%) 

2*( 4%) 

5) (10%) 

Cavity open, sputum + 


•In 1 of those patients the c.avltj’ xvas closed on the operated side, but had an 
open contralateral cavity ; sputum +. The other patient had no demonstrable re.sidual 
cavity; sputum +. 

tin 3 of these patients the surgety vras suspended because of their poor condi- 
tion. In 1 patient surgery was delayed beyond the optimum time because of wound 
infection. 

number of closed cavities. The reasons for failure are enumerated. 
In a small percentage of cases where this discrepancy cannot be satis- 
factorily explained, an examination should be made to determine the 
presence of a tuberculous bronchitis or the possibility of an active 
contralateral lesion. 


IlEVISION OPERATIONS (RESULTS) 

Eight patients received revision operations with apicolysis. These 
wore neccssjiry because the primary procedures hod failed to close the 
cavities. The mortality in this group was liigli. Tliree patients died 
directly or indirectly as the result of tlic operation. In one case the 
cavity was opened accidentally during the apicolysis. This resulted 
in a severe mixed infection. Tlie convalcseence was stormy from the 
oiitscl. A grave toxemia associated with a high fever, rapid pulse 
and an increasing anemia persisted until tleath. which occurred at the 
end of six weeks, .lust before death there was a severe hemorrhage 
from the wound which <lemamled immediate surgery. IJjmn e.xplora- 
tion the entire dead space ahove the apex and all of the surrounding 

structures were n.volvcd in a widespread tuherculous infection An 
i.,., 

m.- ^^ hde dome ,lie npn-olys,s on the second patient, the eavitv was 
f"- la.cr „r!,„ 
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pel’ cent and the Ij'^niphocytes above 20 per cent, or the polymorpho- 
nuclears below 70 per cent and the Ij-inpliocytes below 20 per cent, it 
was considered fair. If the polj'^morplionuclears were below 70 per 
cent and the lymphocytes above 20 per cent, it was considered good. 
Although this has not been accepted as a classification, we have 
cheeked it against the type of convalescence and found that it worked 
out as expected. We hope to use it in the future as a relatively simple 
method which will help evaluate the condition of the patient. 


Table X 

Belationship of the Leucocytic Picture to the Postoperative Coewalescence 


NO. OF PATIENTS 

LEUCOCYTIC 

TYPE OF CONVALESCENCE 

picture 

EASY 

STORMY 

9 

Bad 

2 

7 (78%) 

15 

Fair 

12 

3 (20%) 

2S 

Good 

23 

5 (18%) 

52 Total 


37 

15 (29%) 


The Effect of Operation on Cavity Closure (See Table XI). — ^X-ray 
films were taken after each operation to determine the effect of each 
stage on the reduction in size of the cavity. It was evident from these 
studies that the apieolysis alone did not alway& succeed in closing the 
cavity. Other stages had to be pei’foiTOed to add the necessary lateral 
coUapse. In many instances cavities appeared closed to the ordinary 
flat plate but were found to be open following an overexposed Bucky 
film. As seen in the table, the percentage of cavities closed was high 
except in those patients where complications arose which prevented 
further surgery. 

Table XI 


Effect of Operation on Cavity Closure 


NO. OF PATIENTS 


65 Had apieolysis 

6 Died 

eO Survived 

54 . Surgery completed or suspenaed 

53 Cavity present before operation 

47 (88.7%) Cavity closed 

6*(1J.3%) Ca vity’ open 


•3 too III for completion of the contemplated number o' stages. 

1 had apical cavity closed but basal cavity open. Jnfpptinn 

1 cavity open because of delay of later stages due to vounu infcotion. 

1 cavity v-as thought to be closed but later x-rays demonstrated that It t 
open. 


Jiclailo}! of Cavity Closure to Sptdum (See Tabic XII). — ^Thc closure 
of a tuberculous cavity does not mean that the patient is going to show 
a negative sputum. The walls of the cavity’ may’ be brought into ap- 
position but the tubercle bacilli continue to escape through a eoiii- 
miinicating bronchus. If the bronchus is kinked simiiUatieously with 
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SUMMIART 

This report includes sixty-five cases of thoracoplasty Avith extra- 
fascial apicolysis (Semb) and eight rcA'ision operations. A study of 
certain preoperative findings Avas made to determine their A’alue as an 
aid in the selection of cases for surgei'y. Since the procedure is rather 
neu', the complications Avere frequent in the earlier cases. These liaA'e 
been greatly reduced Avith an increasing experience, a more careful 
selection of cases and the proper timing of the operative stages. The 
percentage of caAuty closures and sputum conversions has been grati- 
fying. It is too early to make a definite statement as to the final out- 
come, hut it is encouraging to knoAv that an increasing number are 
already being discharged from the sanatoi’ia as arrested cases. The 
group of revision operations is too small to evaluate except that the 
most serious complication to be encountered is the accidental opening 
of the tuberculous cavity. This is best treated by packing the Avound 
Avide open to insure adequate drainage, 

AVe wi-sh to cxprc.ss our apprecl.ution to Dr. E. R. Daniels for his cooperation in 
wmplllnK the data on the group of patients operated upon at the AA'lsconsIn State 
Sanatorium. 
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myocardial degeneration and spread of the tuberculosis to the op- 
posite lung. A revision operation had been attempted on the third 
patient six months previously. It had to be suspended heeaiise of the 
shock which followed the partial removal of the regenerated seg- 
ments. At the time of the second revision these segments were com- 
pletely removed and an apicolj^sis started. In one over-enthusiastic 
attempt to do a very radical apicolj'sis, the cavity was accidental!}' 
opened. This was sutured and the wound closed hut the patient never 
regained consciousness. He developed a hemiplegia presumably from 
an embolus and died twenty-four hours later. An autopsy was not 
permitted. 

Five patients survived and four enjoyed an easy uncomplicated con- 
valescence. In three the cavity was closed and the sputum became 
negative. In one patient the caA’ity was apparently not closed even 
though it was not visible on x-ray. The sputum was negative on 
smear but positive on guinea pig inoculation. Further surgery is now 
being instituted. In the other patient the cavity was accidentally 
opened at the time of operation. The immediate postoperative course 
was stormy. At this time the wound is healing satisfactorily and the 
patient’s condition is good; his cavity is not visible; and his sputum 
is negative. 

In our limited experience with revision operations of this type, the 
results have not been as satisfactory as we have desired. The out- 
standing and most serious complication has arisen following the acci- 
dental opening of the incompletely collapsed cavity. In checking this 
group we have found that this accident has ahvays occurred after the 
apex had been freed above and just -when we were trying to increase 
the efSciency of the collapse by separating the medial side of the lung 
from the third or fourth dorsal vertebrae. Invariabl.v the residual 
cavity has been foiuid just beneath the visceral pleura and so inti- 
mately attached to the vertebral bodies that separating ivas impossible 
without tearing the lung. Because of these constant findings we aic 
now content to conclude the separation at this point. 

The secondary hemorrhage which occurred in twm of these cases 
■was most dramatic and proved that no attemi>t should be mace 
close the wound ■with any kind of tube drainage. If this is ( oi e 
exudate collects wdthin the wound cavity and enhances the .spieac o 
the tuberculous process in the surrounding tissues. These woim s 
.should be packed ■ividely with vaseline gauze which will not allo^\v an} 
pooling of the infected exudate. This pack should be changed at 
least once each day. If this is not done, the patient’s tempera tuie 
immediately rises. Dakin’s solution has not been used because of the 
danger of reopening- the sutured cavity. Saline has been found to 
be useful. 
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ness the studies of DuBois and Hunt on the opossum and cat.^ Simi- 
larly it may explain why faradieally' induced spasms of the stomach and 
duodenum inhibit the flow of bile in the cat but not in man.** 

On the other hand, the discharge of bile from the human gallbladder 
is speeded up by the presence of peptic ulcers® and markedly retarded by 
pregnanej'.® In the latter instance, at least, the evidence is strong that 
retardation is due to a spasticity of the intrinsic musculature at the end 
of the common duct, and this view is strengthened by recent observa- 
tions on the human fetus— where the disposition of muscle is easier to 
follow; namely, that the ampulla of Yater and its musculature is a 
retrograding segment" and that the most important part of the human 
sphincter of Oddi is the sphincter eholedoehus — a band of circular mus- 
cle enclosing the common duet just before the latter joins the pancreatic 
duct.® 

It would tlius seem that the time has come to emphasize both the func- 
tional unity of the extrahepatie biliaiy tract and its species peculiarities, 
and to recognize that in man, at least, a major role is played by tlie 
musculus proprius of the common bile duct. 

— Edward A. Boijden, Ph.D. 

Minneapolis, Minn. 
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The Role of the Liver in Thyrotoxicosis 


T IIK belief lias long iiecu held that the liver is involved in the 
course of thyrotoxicosis. The most obviou.s evidence for sucli a view 
is the occn.sic»mii dcvclojuncnt of jaundice during so-called thyroid cii.sis- 
more eoiinnonly, suhclinical jaumlice ean he demonstrated hv estimation 


of the ietenis index during exacerlaUums, spon1:nieous or po.st operative 
of thyrotoxicosis. Tliere is iiiiieh similarity between Die teminnl stages 
of severe thyrotoxicosis .-md of heji.-ititis in lliat both are marked bv fever 
delirium, eomn. and loss of vasomotor tone as .shown bv i.rofuse diapliore’ 
sis .and fifliing bbsel jnvssnrc. l-'indinms at autoj).sy in p,tienLs who have 
d.ed m Ihyroui ens.s notoriously meager, Imt focal necrosis an„eirs 
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The Extrahepatic Biliary Tract as a Functional Unit 


T he 3'ear Just ended has witnessed the publication of several studies 
dealing with the comparative anatomj' and phj'siology of the gall- 
bladder and the sphincter of Oddi. Among these the article by Schmidt 
and Ivj'^ is of special interest as presenting, for the first time, an attempt 
to classifj’^ the whole extrahepatic biliary tract of higher vertebrates in 
terms of fuirctional t.ypes. This is no mere rationalization but a synthe- 
sis of experimental data from some eighteen species, involving a stud}' 
of the total output and concentration of hepatic bile, the anatomic 
capacity of the gallbladder, its concentrating power, and the sphiiicteric 
resistance exerted at the choledochoduodenal junction. The four types 
are characterized as follows : 

1, Gallbladder absent; large output of dilute hepatic bile; sphincteric 
resistance low (pocket gopher, rat, pigeon, horse). 

2. Gallbladder of low physiologic capacity, due to large output of di- 
lute hepatic bile and ability of gallbladder to concentrate bile from only 
two to six times; sphincteric resistance low to moderate (guinea pig, 
rabbit, African bush rat). 

3. Gallbladder of high anatomic but low physiologic capacity, due to 
the small oirtput of concentrated hepatic bile and the inability of the 
gallbladder to concentrate it much further; sphincteric resistance mod- 
erate (pig, sheep, goat, and cow). 

4. Gallbladder of high physiologic capacity, having the power to con- 
centrate a relatively concentrated hepatic bile six to ten times; sphme- 
teric resistance high (duck, chicken, striped gopher, mouse, eat, dog. 


and }?ia?i). 

The above analysis, Avith its series of steps leading up to high sphme- 
teric resistance in man, thus verifies the importance of clmmal stridics 
directly attacking the problem of biliary dyskinesia. Even more how- 
ever, it reveals the necessity of discriminating, experimentally betnee^ 
the resistance offered by the duodenum and that produced } m in 
trinsic musculature that invests the terminal segment of the bi c uc , 
for, if the choledochoduodenal junction of the species listed in Group 
he examined histological]}', it will be found that the extent to Avhicli the 
musculature of the duodenum envelopes the bile duct is much greater 
in the cat and dog, for instance, than in man;" and tliat tliis anatomic 
relationsliip undoubtedly retards tlie rate of emptying in animals — "'it- 
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such speculation is fruitless until dependable methods for the estima- 
tion of serum lipase and the effectiveness of deaminization of amino- 
acids, to name but two indications of liver function, are available. Ee- 
ports on the excretion of hippuric acid are conflicting and the method of 
Quick is still open to improvement. Extension and confirmation of this 
work Avill, we believe, not only throw new' light on the nature of thyro- 
toxicosis but will prove of immediate practical value in the diagnosis of 
“borderline” or subclinical thyrotoxicosis and in the better control of 
thjwoid medication. 

—Willard Bartlett, Jr., M.B. 

St. Louis, Mo. 
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tlic anticipated event in most febrile forms of cxitus. Again, t)ie not 
infrequent occurrence of glycosuria in tbju’otoxicosis is one of the ex- 
pressions of impaired glucose tolerance. It lias been generally consid- 
ex’ed to be due to an antagonism between the action of insulin and that 
of thyroxin ; it is an established fact, however, that in diabetics decreased 
glucose tolerance as an expression of liver damage can be produced by 
a high fat diet alone and that the carbohydrate tolerance of diabetics is 
further impaired by the onset of thyrotoxicosis. FinaU.y. the clinical 
value of high carbohydrate diet and, more dramatically, of glucose solu- 
tions given intravenously in sevex’e exacexbatioixs of thyrotoxicosis oc- 
curring spontaneously or postoperativcly is quite as well established as in 
other conditions in which liver damage is pi’oved. 

IMore certaiix evideixce of the xAle of the liver in thyrotoxicosis has 
waited, perforce, upon the developmeixt of a test sensitii^e to only mod- 
erate impairment of liver function. Such a test we now have, appar- 
ently, in Somogyi’s method for quantitative determination of blood 
amylase.^ With a margin of experimental ex’ror of not over 10 per cent, 
it is accurate for the estimation of small quantities of the enzyme, which 
cannot be claimed for other methods. It is the view of Somogyi and his 
coworkers, based upon sevexml thousand detenninations in the past five 
years, that the production of the enzyme depends upon the liver. It has 
now been shown that there is a relationship between the level of thyroid 
activity and the blood amylase." These observations have been ex- 
tended on more than one hundi'ed patients. Feeding of thyroid sub- 
stance to hypothyroid individuals lowers the blood anijdase ; it falls by 
as much as 50 per cent where thjwoid medication is pushed to the point 
of toxicity. In untreated patients with thyrotoxicosis values, far below 
normal limits are common; clinical improvement after treatment and 
operation is accompanied by I'ise in blood amylase. The latter may lag 
considerably behind the other phenomena associated with restoi’ation to 
normal thyroid status ; indeed, some patients have developed postopera- 
tive myxedema at a time xvhen the amylase has risen only to the lowest 
limits of noimal range. 

The behavior of blood amylase in the immediate postoperative phase 
is no less interesting. Serial observations show a large fall, usually 
w’ithin eight hours of thyroidectomy for toxic goiter ; the low level is 
maintained for forty-eight hours, followed by a slow rise which may not 
have I’eached the preoperative level by the time the patient is discharge 
from the hospital. On the conti'ary, the enucleation of a nontoxic, soli- 
tary adenoma from an otherwise noi’mal thju’oid gland is not followed 
by alteration of tlie blood amylase. 

Tin's investigation was started in 1934 and the results as outlined 
above seem convincing to us as a conclusive indication of impaired liver 
function in thyrotoxicosis. WJiilc the assumption w’ould be that all func- 
tions of the liver would be impaired, thougli not necessarily equally, 
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Minot (quoted by Jordan, 1930, pp. 192-193), regard the original angio- 
blast, very early differentiated from mesenchyme, as the sole future 
source of endothelium, to which is ascribed a strict specificity through- 
out development. The advocates of the in situ method of origin, Hunt- 
ington (1911, pp. 272-274), MiUer (1912, pp. 489-490), Maximow and 
Schulte (quoted by Jordan, 1930, p. 193), on the contrary, conceive early 
vasculogenesis as a process of progressive fusion of tissue spaces and 
mesenchymal cells involving a continued differentiation of endothelium 
from mesenchyme. 

, Thc AngioUast r/ieorj/.— McClure (1921, p. 220) states that it has 
been obseiwed in meroblastic ova, like those of the domestic fowl, that 
blood vessels and blood cells seem to make their first appearance on the 
yolk sac and then appear at a somewhat later stage of development in 
the body axis of the embryo. The early appearance of the blood vessels 
on the yolk sac led His (quoted by jMcClure, 1921, p. 220) to infer that 
certain cells on the yolk sac, which have been described by some as 
derivatives of entoderm and by others as derivatives of mesoderm, 
undergo an early differentiation to form a specialized tissue from which 
the endothelium of the yolk sac vessels and blood cells are exclnsively 
derived. 


This supposedly precociously developed vascular tissue formed on the 
yolk sac has been termed the angioblast by His (quoted by ^IcClure, 
1921, p. 220), who regarded it as forming a local unit vascular anlage 
from which, in addition to the endothelium of the blood vessels on the 
yolk sac, that which appears within the body of the embryo is also di- 
rectly derived. According to the angioblast theory, the yolk sac angio- 
blast grows into the embryonic axis from the yolk sac in a continuous and 
uninterrupted manner, thereby supplying to the einbryo all of the ma- 
terial which subsequently gives rise to the endothelium of the entire 
intraembryonic vascular system. This theory that the yolk sac angiobla.st 
forms the unit vascular anhige of the entire vascular sy.stem precludes 
the pnssil)ilily that tlie intraembryonic endothelium arises from any 
tissue in the embryonic axis other than the invading angiobla.st. The 


tiradual and lu-ogrc.ssive manner in whicli the angioblast is supposed to 
«row into the embryonic axis also necessarily implies that no discon- 


tinuity between the aimioblasl oji the yolk sac and any portion of that 
wiiich has invaded the ('lubryonic axis can imssibly exist at anv time or 
place. The anuioblasl. therefore, is regarded as being a highly .special- 
i-/vd lissm-. whirl! is early differentiated during the embrvonij develop 
meat :!,!d which IS at first confined to the area known as the volk sac 
That all intraembryonic endothelium is derived from thi.s ]o‘eal unit 
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Minot (quoted bj’' Jordan, 1930, pp. 192-193), regard the original angio- 
blast, very early differentiated from mesencbjune, as the sole future 
source of endothelium, to which is ascribed a strict specificity through- 
out development. The advocates of the in situ method of origin, Hunt- 
ington (1911, pp. 272-274), Miller (1912, pp. 489-490), Maximow and 
Schulte (quoted by Jordan, 1930, p. 193), on the contrary, conceive early 
vasculogenesis as a process of progressive fusion of tissue spaces and 
mesenchymal cells involving a continued differentiation of endothelium 
from mesenchyme. 

The Angiollast T/ieory.— McClure (1921, p. 220) states that it has 
been observed in meroblastic ova, like those of the domestic fowl, that 
blood vessels and blood cells seem to make their first appearance on the 
yolk sac and then appear at a somewhat later stage of development in 
the body axis of the embryo. The early appearance of the blood vessels 
on the yolk sac led His (quoted by McClure, 1921, p. 220) to infer that 
certain cells on the yolk sac, which have been described by some as 
derivatives of entoderm and by others as derivatives of mesoderm, 
tmdergo an early differentiation to form a specialized tissue from which 
the endothelium of the yolk sac vessels and blood cells are exclusively 
derived. 


Tliis supposedly precociously developed vascular tissue formed on the 
yolk sac has been termed the angioblast by His (quoted bj' ^IcClure, 
1921, p. 220), who regarded it as forming a local unit vascular anlage 
from which, in addition to the endothelium of the blood vessels on the 
yolk sac, that which appears within the body of the embryo is also di- 
rectly derived. According to the angioblast theoiy, the yolk sac angio- 
hlast grows into the embryonic axis from the yolk sac in a continuous and 
uninterrupted manner, thereby supplying to the embryo all of the ma- 
terial which subsequently gives rise to the endothelium of the entire 
inlrnombryonic vascular sy.stem. This thcoiy that the yolk sac angiobla.st 
forms the unit vascular anlage of the entire va.scular system precludes 


the jinssibility that the intracmbryonic endothelium arises from anv 
tissue in the embryonic axis other than the invading angiobla.st. The 
gradual and progre'ssive manner in which the angioblast is supposed to 
grow into the embryonic axis also necessarily implies iJmt no discon- 
tinuity between the angiobla.st on the yolk .sac and any portion of that 
which has invaded the embrymue. axis can i)o.ssib]v exist at anv time or 

l'’”";. n-sarted ,,s being n bighi;. special- 

,».l „ „„.|v .bfletentinicd diiring II, e en,l,,-vonic develop. 

nl.a, ail ra..a.l„y,„„e ,..„l,„|,e|i,„„ is ^.-ived fr„„, ,l,i, ] ' ° 
vasrular ntdngf bv a nroecss nf /-ntitm.. mcai unit 
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Jlinot (quoted by Jordan, 1930, pp. 192-193), regard the original angio- 
blast, very early differentiated from mesenchyme, as the sole future 
source of endothelium, to Avhich is ascribed a strict specificity through- 
out development. The advocates of the in situ method of origin, Hunt- 
ington (1911, pp. 272-274), Miller (1912, pp. 489-490), Maximow and 
Scliultc (quoted by Jordan, 1930, p. 193), on the contrary, conceive early 
vasculogenesis as a process of progi'cssive fusion of tissue spaces and 
mesenchjTual cells involving a continued differentiation of endothelium 
from mesenchyme. 

The Angiohhst Theory . — ^McClure (1921, p. 220) states that it has 
been observed in meroblastic ova, like those of the domestic fowl, that 
i)lood vessels and blood cells seem to make their first appearance on the 
yolk sac and then appear at a somewliat later stage of development in 
Ihe body axis of the embryo. The earl}’- appearance of the blood vessels 
on the yolk sac led His (quoted by McClure, 1921, p. 220) to infer that 
certain cells on the yolk sac, which have been described by some as 
derivatives of entoderm and by others as derivatives of mesoderm, 
undergo an early differentiation to form a specialized tissue from which 
the endothelium of the yolk sac vessels and blood cells are exclusively 
derived. 


This supposedly precociously developed vascular tissue formed on the 
j'olk sac has been termed the angioblast by His (quoted by McClure, 
1921, p. 220), who regarded it as forming a local unit vascular anlage 
from which, in addition to the endothelium of the blood ves-sels on the 
yolk sac, that which appears within the body of the embryo is also di- 
rectly derived. According to the angioblast theory, the yolk .sac angio- 
hlast grows into the embryonic axi.s from the yolk sac in a continuous and 
nninterrupled manner, thereby supplying to the embn-o all of the ma- 
terial which subsequently gives rise to the endothelium of the entire 
infracmbryonic vascular sy.stem. This theory that the yolk sac angioblast 
forms the unit vascular anlage of the entire vascular .system precludes 
the possibility that the intnicmbryonie endofheliutu arises from any 
tissue in the embryonic axis other than the invading angioblast. The 
gradual and jirogre.-^sive manner in -which the angioblast is supposed to 
grow into the embryonic axis also necessarily implies that no discon- 
tinuity between tlie angioblast on the yolk .sac and any portion of (hat 


which has invaded the embryonic axis can ])ossibly exist at anv lime c 
place, Tiie angioblast, therefore, is regarded as being a highly spccia 
ized tissue, which is early differentiated during the emhrvonic develor 
nient aiul which is ;it first (smfinod to the area known as the yolk sat 
Th.al ;d! intn.emhryonie <'n<lot helium is derived from this loVilMni 
vaseular mdave by a proeess ,.f ennti.umns growth, and that this fne 

tnarks th- sj.e.Mfieity of the angioblast and its derivatives, is one of t'la 
rtnmary ;,nd n.ndmnental axmms of fj.e \ 
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endothelium invariably arises from some preexisting endothelium. If it 
did not arise in this maniier, it '(vould have a local origin from some tissue 
other than endotheliiun. 


The implied specificity of yolk sac angioblast, the origin from it of 
intraembryonic endothelium by a process of continuous growth, and the 
necessitj' thereby implied tliat all intraembryonic endothelium arises 
from some preexisting endothelium constitute the logical claims of the 
adherents of the angioblast theory. 

The Local Origin Tliconj . — The view opposed to the angioblast theoi\v 
is that of local origin. According to this view, mesenchjune may become 
vascular tissue in almost every region of the body. The cells whicli 
bound an intraembi' 3 ’'onie blood vessel are not in direct lineage witli 
those rvhieh line the early vessels on the jmlk sac. Thej' have not come 
into being as an ingrowth from the earl.v jmlk sae vessels or angioblast, 
and thej’- have not necessarily come from preexisting endotlielial cells,, 
although some of them maj' liave had such an origin, inasmuch as local 
origin does not preclude the possibility of growth during or following 
the process of local vascular formation. Addition to eiidotlielium may 
take place (1) by proliferation of endothelial cells already formed; (2) 
by addition of single mesenchjTue cells; (3) bj’ addition of solid cell ag- 
gregates; (4) b.y addition of alreadj' formed endothelial cavities, the 
lining of cells of which have differentiated locally, in and from the 
mesenchjnne; and (5) by the active migration and alignment of single 
mesenclyme cells to form vasctilar cavities. The local origin theory 
holds that blood cells are not necessarilj’’ descended from a primitive yolk 
sac angioblast, but that mesenchyme within the embryonic body is 
capable of giving rise to blood cells. Advocates of the local origin theory 
do not believe that the vascular anlage is necessarily differentiated at a 
very early stage of development, as claimed by His (quoted bj" lircClure, 
1921, p. 222),* or collectivety and at one time, as stated ly Minot 
(quoted by McClure, 1921, p. 222). Advocates of the mesenchymal 
theory recognize that there are certain regions in which a precocious 
production of vascular tissues takes place, but thej^ claim that such 
regions are not the onlj’' regions in Avhich such tissues are formed. Ad- 
vocates of the local origin theory recognize various intraembryonic 
regions in which there is a first-hand production of vascular tissuc.s, even 
relativel 3 ’' late in ontogen 3 ’', quite independent of such processes in tlic 
j'olk sac. The angioblast thcoiy regards endothelium as a tissue of high 
specialization qiiite foreign in nature to meseneh 3 'me and quite removed 
from it genetically. Tlie local origin Iheoiy claims that mescnclomc can 
transform into endothelium and tiiat endothelium can change to mes- 

cnclnTTic. 


IMcClnrc (1.921, p. 223 ), in discussing tlie Avork of Florence Sabin on 
the dcA clopmeiit of the ]3-mj)hatie SA-.sfem, states that in her carl3' AA'ork 


♦With jsllcht rno<lincntlon5« 
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she believed that her results confirmed the angioblast or ingrovrth theory 
of His. Tievred in this light, the endothelium of the lymphatics, like that 
of the blood vessels, vould possess a marked specificity. It also could 
be traced back directly and continuously to a unit vascular anlage knoum 
as the angioblast. One theorj- favored by Sabin (1917, pp. llS-120) is 
that there is a limited period for the differentiation and growth of angio- 
blasts out of xmdifferentiated mesenchyme and that after this period all 
new blood vessels arise from the growth or proliferation of older angio- 
blasts. Another theory advanced by her is that angioblasts continue to 
differentiate out of mesenchyme indefinitely. H the former is correct, 
the problem is to determine which differentiate and which are formed 
from preceding vessels. jMcClure (1921, p. 232) reviews the history of 
research in this line. He discusses the papers of W. C. Clarke, MiUer 
(1912, pp, 489-490), and McT'Thorter and Vhipple (1912, pp, 121-127). 
Clarke (quoted by McClure, 1921, p. 2-32) showed that vascular endo- 
thelium, wherever encovmtered, hemal or lymphatic, may be an instance 
of the emironmental adaptation of an originally isodiametric mesen- 
chj-mal cell subjected to mechanical influence. From his analyses of the 
results of various investigations, McClure (1921 p. 235) believes that it 
IS evident that the morphologic evidence favoring the general principle 
of a local origin of intraembryonie endothelium from mesenchyme has 
been completely confirmed by CNperiment, and accordingly that the 
angioblast theorj*, in the sense maintained by His, therefore, no longer 
holds. He believes that while differences of opinion may still exist, as 
regai’ds details of the process, both for the lymphatic and blood vascular 
sj'Stems, it is plain that the general principle of the local genesis of intra- 
embryonic endothelium from mesenchyme may now be regarded as an 
established fact. 

Jordan (1930, p. 192) holds that the total evidence seems to favor the 
view that in earliest stages blood vessels may arise in the mesenchyme of 
the embiyo and that these primitive stems may be added to by discrete 
milages all of which may fuse to form the vascular net out of which 
develop the future main vessels. The vessek of later embrj'onic and 
fetal stages probably arise solely as sprouts from these earlier stems. He 
believes that the chief point of rmcertainty concerns the point in time 
wlien vasculogencsis passes from a process including sprouting and 
fusion of separate anlagcs to one when extension occurs exclusively by 
terminal growth. Both arteries and veins have a like origin in capillary 
plexuses. The final anastomosing sprouts of endothelium represent the 
definitive capillaries. The development of the definitive wall of arteries 
and veins involves the formation of extraendothelial layers of muscular 
and connective tissue elements from the surroimding mesenchyme and 
also their association into the several tunics of the various subdivisions 
of these vessels. 

Swindle (1935, pp. 7-9), in discussing ins observations relative to the 
formation of arteriovenous connecting cliannels, states that as an cm- 
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endothelium invariably arises from some preexisting endothelium. If it 
did not arise in this manner, it monld have a local origin fi’om some tissue 
other than endothelium. 


The implied specificity of yolk sac angioblast, the origin from it of 
intraembryonic endothelium by a process of continuous growtli, and the 
necessity therebj’^ implied that all intraembryonic endothelium arises 
from some preexisting endothelium constitute the logical claims of the 
adherents of the angioblast tlieoiy. 

The Local Origin Theorg . — The view opposed to the angioblast theory 
is that of local origin. According to this view, mesenelij’^me may become 
vascular tissue in almost every region of the bod}^ The cells ■which 
bound an intraembryonic blood vessel are not in direct lineage with 
those which line the earl}' vessels on the yolk sac. They have not come 
into being as an ingrowth from the early yoUr sac vessels or angioblast, 
and they have not necessarily come from preexisting endothelial eells,. 
although some of them 2 na,y have had such an origin, inasmuch as local 
origin does not preclude the possibility of growth during or following 
the process of local vascular formation. Addition to endothelium may 
take place (1) by proliferation of endothelial cells already formed; (2) 
by addition of single mesenchyme cells; (3) by addition of solid cell ag- 
gregates; (4) by addition of already foimed endothelial cavities, the 
lining of cells of Avhich have diffei'entiated locally, in and from the 
mesenclyme; and (5) by the active migration and alignment of single 
mesenelijune cells to form vascular cavities. The local origin theory 
holds that blood cells are not necessarily descended from a primitive yolk 
sac angioblast, but that mesenchyme within the embrjmnie body is 
capable of giving rise to blood cells. Advocates of the local oi'igin theory 
do not believe that the vascular milage is necessarily differentiated at a 
very early stage of development, as claimed by His (quoted by McClure, 
1921, p. 222),* or collectively and at one time, as stated by Minot 
(quoted by McClure, 1921, p. 222). Advocates of the mesenchymal 
theory recognize that there are certain regions in which a precocious 
production of vascular tissues takes place, but they claim that such 
regions are not the only regions in which such tissues are formed. Ad- 
vocates of the local origin theory recognize various intraembryonic 
regions in which there is a first-hand production of vascular tissues, eien 
relatively late in ontogeny, quite independent of such processes in the 
yolk sac. The angioblast theory regards endothelium as a ti.ssuc of high 
specialization quite foreign in nature to mesenchyme and quite removed 
from it gcnoticallj'. The local origin theory claims that mcsenclij’mc can 
transform into endolholium and that endothelium can change to mes- 

onch.vnic. 


3 feChn-o (3927, p. 223 ), in discussing the work of Florence Sabin on 
the dcvciopmont of tlic lyinplmtic .sy.stem, slates that in her early work 
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laries vary from %.ooo to /4,ooo of an inch in diameter and from to 
Yso of an inch in length, while Cunningham (1931, p. 872) states that 
the average diameter of the capillaries varies from 8/i to 12.5ju. and that 
the average length is 0.75 mm. Krogh (1929, p. 24) states that the 
capillaries have practically never been counted, and means are wanting 
in the reports of much of the work which has been done to ascertain the 
size of the structures which have been graphically depicted. In most 
tissues the arrangement of the capillaries is so complicated that the 
difficulties in the way of even approximate measurements are very 
formidable. The capillaries in a given field often vary considerably in 
diameter. They sometimes may be so narrow that they cannot admit 
red corpuscles even when these are greatly compressed. On the other 
hand, in the human skin the diameter may be as large as 0.02 mm. 
(Krogh, 1929, p. 34). Mall (quoted by Krogh, 1929) describes the aver- 
age diameter of the capillaries in the intestinal vOli as 8p, to B/x. On 
other areas of the intestine they are of about the same diameter, and 
from 0.4 to 0.2 mm. in length. In injected specimens of the intestinal 
riUi, Krogh (1929, p. 40) found them to be of an average diameter of 
12ft. Vimtrup (quoted by Krogh, 1929) states that the average diameter 
of capillaries in the kidney glomeruli is lO/t and the average length is 
0.5 mm. 

Krogh (1929, p. 29) gives the number of capillaries per square milli- 
nieter as 1,350 ± 31 in the gastrocnemius of the horse. The transverse 
section of an ordinary pin is 0.5 mm. It requires some mental effort to 
conceive how there can be room within such a pin for about 700 parallel 
tubes carrying blood, in addition to about 200 muscle fibers. In other 
animals he states that the number of capillaries per millimeter may be 
even greater. There seems to be some relation between the number of 
capillaries and the metabolic activity. In the dog’s semimembranosus 
muscle there are 2,630 ± 51 per square millimeter. In the smallest mam- 
mals there may be as many as 4,000 per square millimeter. In cold- 
blooded animals, such as the cod and frog, there may be about 400 per 
square millimeter. Krogh (1929, p. 29) states that there should be a 
study of the quantitative anatomy of muscle capillaries. 

In human skin, according to Krogh (1929, p. 34), on the dorsum of 
the hand there are 64 capillaries per square millimeter. In the forearm, 
47 ; cheek, 16 ; and in the circumoral sldn, 20. It is a characteristic fea- 
ture of the blood vessels of the human sldn that there is no very sharp 
distinction between the smallest arterioles (“capillary arteries”), the 
capillaries proper, and the venules (“capiUaiy veins”). The venules in 
the outer part of the cutis are so thin walled and present such a large 
total surface that they have practically taken over the normal function 
of capillaries. 

Capillaries in the retc mirabilc annexed to the ox 3 ’gen gland in the eel 
are 4 mm. long (Krogh, 1929, p. 34). The organ is S sq. mm. across. 
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ryomc AVA grows in length, it loops away from its original position 
and divides into two or more parts wherever tlie surrounding tissue 
causes opposite walls of the anastomosis to come in contact with one an- 
other. Some observations made principally on viviparous snakes show 
that at the point of contact of the opposite walls these walls fuse to form 
two or more blood ehannels out of one and that the newly created vessels 
maj’’ separate widelj’’ from one another. Each of the new vessels may 
loop aivay in different directions and divide into two or more parts, and 
so on until the original anastomosis consists of a principal arterial trunk 
and a principal venous trunk which lie side by side and which are eon- 
nected with one another at numerous points by relatively small arterial 
and venous branches and eapiUai^’’ netwoiics. Tins metamorphosis may 
be of such a nature that the original AVA finally consists essentially of 
an arterial network, a venous network, numerous arteriocapillary anas- 
tomoses or terminal arterioles, numerous venocapillary anastomoses or 
terminal venules, and mimerous capillaries. 

In some tissues of the body, as in or near the cartilage of the pinna, 
some of the embryonic AVA’s cannot loop awaj' from their original posi- 
tions. They are held in place by the solid tissues about them. These ac- 
cordingly persist as relatively simple arteriovenous connections instead 
of very complex ones. Under certain conditions of congenital, partial 
obstruction of the flow of venous blood in a vein, embiyonic AVA ’s fail 
to undergo metamorphosis at points somewhat centrally to the points of 
obstruction. Embryonic AVA’s may accordingly pemist in a tissue in 
which they are not ordinarily found. For instance, two persisting 
AVA’s were found in the wall of the stomach of a human fetus, situated 
centrally to the point at which an artery is choking the vein. Tlio 
metamorphosis of an AVA into an arterial and a venous trunk and their 
branches implies giwvth. It is important to observe in this connection 
that the groivtli and the resulting metamorphosis of the AVA’s fail to 
occur at points where there is relatively little venous blood in the vein 
(due to venous obstiaiction) and a relatively large amount of arterial 
blood in this vessel (due to the inflow through the AVA or AVA s from 
the artery). Swindle (pei-sonal communication) has made the interest- 
ing observation that in the hearts of the Bovidac and Cervidae arterial 
anastomoses, connecting the longer arteries, arc present. These disap- 
pear dui'ing development to the adult form, and the remaining aitciics 
are then end arteries in the sense of Cohnheim. 

B. The Anatomy of the CapiUaries.~It is generally accepted that the 
normal means of communication between arteries and veins is through a 
capillary bed. In studying AVA’s, whicJi may be considered either as 
abnormal structures or as representing an arrangement which is differ- 
ent from that usually considered as normal, it is well to revjcw briefly 
our Iniowledge of the capillary’ bed. The anatomic literature is disap- 
pointing in its report of the number, distribution, and .surface of the 
capillaries. Gray’s Anatomy (1907, p. 584) merely states that the capil- 
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present in about equal numbers. At best, one observes occasional cases in 
which no conclusion can be drarvn relative to capillary morphology. In 
Brorvn’s studies the average total length of the visible capillary loop in 
the normal group was 0.42 mm. The average caliber of the arterial 
limb was 0.007 mm. ; and of the venous limb, 0.009 mm. These are the 
averages of a group of 110 approximately normal persons from the ages 
of twenty to ninetj^-five years. The nomrality of these persons was based 
on the absence of demonstrable disease and normal cardiorenal vascular- 
findings for their age. 

Cowdry (1934, p. 102) comments on the fact that the capillaries may 
not only be absent and their place taken by AVA’s, but it is also possible 
that contrary to the general rule, they may not form a closed system of 
vessels in the spleen. K 3 -es (1901, pp. 37-43) stresses “the lack of de- 
monstrable continuitj- of vascular connection between the ultimate capil- 
laries of the arterial and venous systems.” It remains to be discovered 
whether in this locality the endothelial walls are continuous or whether 
they exhibit openings which allow the blood cells to escape into the sur- 
rounding tissue. Maximow and Bloom (1930, pp. 399-400) claim that 
the transitional vessels are not lined with endotheliirm but by expanded 
reticular tissue, and that the manner in which blood passes from arterial 
capillaries into venous simrses is not known. If this contention is proved 
to be correct, this is the second locality in which the blood stream is not 
limited by the walls of endothelium, the first being the circulating ma- 
ternal blood in the placenta which is confined to spaces lined w-ith tissue 
of ectodermal origin. 

C. The Anatomy, Physiology, and Pathology of Arteriovenous Anas- 
tomoses . — 

Anatomy. — According to Krogh (1929, p. 100), in the anatomic litera- 
ture of fifty jmars ago there are a number of references to the existence 
of “derivating channels,” represented bj-^ small arteries opening directlj'- 
into somewhat larger veins. Much of this eai-ly evidence for the presence 
of .such direct connections was based irpon the appearance in the vein of 
suspension of granules, injected into arteries, the consistence of which 
was presumably^ too large to enter capillaries. 'With the work of Hoycr 
(quoted bj^ Krogh, 1929, pp. 100-106), the presence of AVA’s in various 
regions of different animals was demonstrated conclusively bj- a numlier 
of different staining and injection methods. Hoj-cr found such anas- 
tomoses in the ear of the rabbit, cat, and dog, and in the tip of the nose, 
in the lips, toes, the tip of the tail, and the cavernous tissue of the sexual 
organs of most mammals. In man he was able to demonstrate them onlv 
in the hand and foot (especially in the fingers and toes) and in the 
sexual organs. Histologically, Ho.vcr described connections from artery 
to vein ns pursuing a straiglit course, or, more frequently, a windiim one 
Their wall he found to be thick and muscular on the arterial side and 
thin walled at the funnel-shaped venous portion. Hover (quoted* hv 
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T.Jie eapilJaiy surface is venous, 106 sq. inin.; arterial, 105 sq. mm. Tlie 
volume of the capillaries is venous, 25 e.c.; and arterial, 18 c.c. Tlie 
desirability of extending our hmomledge of the anatomj- of the capillaries 
is obvious, and Krogh, in his excellent monograpli on the Anatomy and 
Physiology of the Gapillanes, makes a plea for tlieir study from the 
standpoint of quantitative anatomy. 

Biovn (1925, p. 57), of the Mayo Clinic, states that in studj-ing the 
foi'm and bcliavior of capillaries it is exceedingly difficult, in certain in- 
stances, to determine 'where the normal leaA’es oft’ and the pathologic 
begins. In manj' apparently normal persons occasional loops are short 
and tortuous, dilated or contracted, or are otherwise abnoi'jnal. Tiie 
granular appearance of the flow or the cessation of flow, and jjlasma gaps 
may also be observed in single loops. Brown thinks that in the normal 
person, however, these are isolated phenomena. Not vuitil the majority 
of the loops are abnormal in form and flow are the capillaries classified 
as pathologic. Wlien a sufficient number of capillaries reveal stasis with 
dilatation, a definitely recognized cyanosis -will exist; and Avhen a suf- 
ficient number are empty or only partially filled, pallor of the skin will 
be recognized macroseopieall}^ Ebbecke (quoted by Brown, 1925) has 
shown that the degree of dilatation of the capillaries and venules deter- 
mines the color of the skin, while az'terial dilatation determines the heat 
of the skin. In differentiating the pathologic from the normal, the 
quantitative changes, rather than the qualitative, indicate disease. Ab- 
noimal capillaries, in the absence of clinical manifestations, occasionally 
are encountered. 

That the capillaries have an independent contractility seems reason- 
able. These vessels exhibit responses perhaps more delicate than those of 
the larger vessels. This would be expected on the basis of structure and 
function. According to Krogh (1929), anatomic researches have demon- 
strated contractile or Eouget cells with fine fibrillae wrapped about the 
endothelial tube. The transitional point from arteriole to eapillarj', or 
h-om capillary to venule, is not always well defined in tlie vessels of the 
skin. In lower orders and certain capillaries of mammals the transi- 
tional point is definite. 

The studies of Brown (1925, pp. 59-62), of the Mayo Clinic, have 
shown that the capillaiy undergoes involutionary changes with advanc- 
ing age, probably similar to those observed in the larger vessels. The 
capillary apparently becomes longer; the calibers are narrowed; and the 
inei-eased length may manifest itself as a long, straight, or tortuou.s loop. 
According to Brown, the usual normal typo in the young adult is the 
Jiaiipin shape, fairly regular and uniform, but thei’c are vai iations. Oc- 
casionally young persons have uniformly thick, tortuous loop.s. The 
absence of narrowed lumina seems to difTcrentiatc these from the patho- 
logic tortuous typos. The greatest difficulty in distinguishing di.sea.sed 
capillaries arises in ca.ses in which the normal and abnormal typos are 
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Krogli concludes that it follows from the observations of Heimherger 
that his “derivating channels” which are distal to those of Hoj^er and 
Grosser must be able to contract and expand and to close up entirely. 

Grant (1930, pp. 282-283) found anastomoses in all parts of the 
rabbit’s ear. He states that they are most numerous on the dorsal sur- 
face of the thinner portion and are situated in the deeper layer of the 
skin and on the surface of the underljdng perichondrium. On three por- 
tions of perichondrium from the dorsal aspect of the ears of three rabbits, 
two portions measuring 13 by 8 mm., and one, 12 by 9 mm., no less than 
65, 53, and 46 separate commimieating channels were counted by him ; 
that is to say, about 1 to 1 or 2 sq. mm. in the average. They are mostly 
tortuous vessels, arranged in groups, uniting neighbormg arteries and 
vems. Less commonly they form short lateral communications between 
parallel vessels or an artery may approach a vein and open directly into 
it. They varj’- in size, the internal diameter of the arterial side measured 
in optical section being from 20 to TOp. This agrees wdth the diameter 
of the column of blood flowing through them when maximally dilated 
during life. The arterial is narroiver than the venous end, the difference 
being slight when the vessel is dilated; when the arterial side is con- 
stricted, the channel is funnel shaped. Grant (1930, p. 283) states that 
structurally the anastomoses fall into three sections. On the arterial 
and on the venous sides they have the usual structure of these vessels, 
though the -wall of the arterial portion is thicker than in arteries of a 
corresponding lumen, the adventitia being stouter and the muscle cells 
more numerous. The third section, the region of transition. Grant states, 
is not so simple as Hoyer depicts it ; it is more accuratelj’ represented by 
Grosser ’s description of anastomoses in human skin. In this region the 
adventitial and muscular thickening is greatest; the muscle nuclei are 
shorter and rounder and are not arranged so regularly around the ves- 
sel. The numerous nuclei in the sphincter-like thickening give the anas- 
tomoses a dark color rendering them conspicuous. The adventitial thick- 
ening is continued, decreasing for a short distance on the expanding 
venous end though the muscle cells cease or become sparse rather 
abruptly. 

Clark and Clark (1934, p. 281) viewed living AVA’s in the rabbit’s 
ear through special chambers introduced by operation. They found that 
AVA’s -were visible in all chambers immediately after the operation. In 
stable chambers they numbered from 25 to 55 in the observation area of 
1.6 sq. cm., being more numerous in rabbits with an active circulation. 
Followed over a period of months, they were found to be relativelv 
permanent structures, fully as pei-sistcnt as arterioles and far more so 
than venules and capillaries. 

According to these workers, the arrangement of AVA’s was found to 
be varied. The majority arose from smaller arteries, but a certain num 
her arose from larger arteries; othere, from arterioles; others formed the 
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Krogli, 1929, pp. 100-106) made a search for these “derivatiiig chan- 
nels" in many other places, hut, apart from the case of the arteries open- 
ing directly into the corpora cavernosa, he found them only in such pro- 
jecting parts as might require a considerable supply of blood to keep them 
■warm when exposed to low temperatures. 

Following Hoyer, several other mvestigators have studied AYA’s Ms- 
tologically. Among these Krogh (1929, pp. 100-106) mentions espe- 
cially Grosser, who confirmed Ho3''er’s results and who gave excellent 
descriptions of the finer structure of such direct connections in the toes 
of various mammals, including man. Grosser found them to be numerous 
in the skin of human fingers where they are arranged in small groups, 
1 to 2 mm. apart. Their musculature is twice to thrice as strong as that 
of arteries of the same bore (about 0.02 mm.), and they are imbedded 
in connective tissue with numerous nuclei. They are common, also, 
within the digital bones where they arc surrounded bj' a venous plexus 
which allows them to open and close freelj'. They are especially large 
(0.1 to 0.2 mm.) in the thumb of bats. Grosser has made a search for 
them in appropriate places in reptiles where they appear to be absent. 
Swindle (personal communication) stated that in numerous injections 
in bats he has been unable to confirm the presence of AVA’s in this 
animal. 

In the last few years evidence has been brought forward for the exist- 
ence of AVA’s from intravitam observations of the circulation in the 
human slrin. Heimbcrger (quoted by Krogh, 1929, p. 102) has been able 
to observe such connections directly and in considerable numbers in the 
fingers of persons having a very delicate sldn. He describes them as 
short connections between peripheral arteiloles and venules, short circuit- 
ing the long capillary loops. He finds these channels, normally closed, 
to be opened up for a short period by weak mechanical stimulation. 
Krogh states that he should not attach much weight to these observa- 
tions, which must be exceedingly difficult to verify, but for the two facts 
that Heimberger is an observer of quite extraordinary ability and pa- 
tienee, and that his direct findings are supported by observations of 
the blood flow in superficial venules and ca]fillaries which are explicable 
only if AVA’s exist in close proximity to the vessels under observation. 

In a few eases Heimberger reported seeing pulsation of the blood in 
venules when the corresponding arterioles were closed and tlic blood in 
the capillaries quiescent. As Krogh points out, this is possible only when 
the venule in question possesses another connection with the arterial sys- 
tem, through which the pulse is admitted. In other eases the blood is 
seen for some time to flow back from a venule through the capillaries to 
an nrtei’iole, wliich postulates that the venule is connected directly with 
a somewliat larger arteiy, transmitting sufficient pressure to cany the 
blood back into an arteriole which must also be in direct communication 
with a larger vein. 
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Table I 

Number of Anastomoses Per 1 Cm. Surface Area 


Hand 

Index finger 
Nail bed 
Tip 

Palm, 3rd plialans 
Palm, 2nd phalanx 
Palm, 1st phalanx 
Palm 

Metacarpophalangeal joint. 
Thenar eminence 
Hypothenar eminence 
Foot 
2nd toe 
Nail bed 
Pad 

So’e — near heel 


501 

236 

150 

20 

93 

3rd finger 31 

113 
96 


593 

293 

197 


numerous rounded nuclei. In appearance they are not unlike the ducts 
of the sweat glands. They found the anastomoses to he arranged chiefly 
in groups situated at the level of, or a little superficial to, the sweat 
glands. They are thus much too deeply placed to be seen from the sldn 
surface during life. They are mostly tortuous channels and open into 
a rich netivork of thin-walled veins. Their linnina in their preparations 
varied from 20 to TO/r, the average being 35;ti. Grant noted that the 
diameter of the anastomoses in preparations of the rabbit’s ear made 
by this method agreed well with their diameters measured when maxi- 
mally dilated during life. Grant and Bland (1931, p. 393) also in- 
.iected a full-term stillborn fetus, but they fovmd no anastomoses in 
places where they found them in adult skin. In this connection they 
noted that Grosser and others failed to find anastomoses in newborn or 
fetal material. 

Krogh (1929, p. 106) states that in a very recent publication AYearii 
(1928) demonstrates the existence of anastomoses m the heart of man 
and other mammals between the coronary artery and the Thebesian 
veins. These latter vessels normally drain off a considerable portion of 
the venous blood from the heart muscles directly into the right and left 
ventricles. The anastomoses with the artery arc opened up when the 
heart, which has ceased beating, is dilated by injection. Their function 
during normal life is entirely unknown, but AVearn mentions two human 
eases where it was found at autopsy tliat the orifice of the coronarv 
artcry was entirely occluded and tliat the heart muscle could receive its 
blood supply only through the.se ana.stomoscs. The occlusion liad de- 
veloped .slowly but was of long standing, and the supply through the 
Thebesian anastomoses had enabled the patients to lead a normaf work- 
ing life. 

A peculiar anomaly, an arteriovenous communication between the 
right coronary artery and the coronaty .sinus wifli aneurysmal dilata 
lion of the parts involved, is de.scribcd by Halpeit (1930)’ The condi 
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termination of an artery; and clustei-s of tliree or more from the same 
artery were frequently seen. The veins into which a number of AVA’s 
emptied were usually large, wliile occasionally they had a fairly thick 
muscular wall and showed definite contractility. 

Clark and Clark (1934, p. 282) state that the two forms of AVA’s de- 
scribed by Hoyer, straight and coiled, were seen by them in the living 
preparations. In studies extending over weelcs or months, the lengthen- 
ing of certain AVA’s, due to stretching, and the bending of others, ap- 
parently due to slight eompi’ession, ivere observed. The division into 
thi’ee parts, the arterial, the narrow thick-walled intermediary portion, 
and the thin-walled, funnel-shaped venous portion, was also seen in the 
living AVA’s and, as a rule, the intermediary portion showed the most 
active contractions, while the funnel did not contract. Although typical, 
this form is not the only one, however, as AVA ’s were observed in which 
tlie muscular wall extended from ai-tery to vein with little differentiation 
in form or contractility. Variations in size (diameter or lumen) of liv- 
ing AVA’s were marked in different AVA’s in tlie same area and in the 
same one on different days, while the diameter of a single AVA fre- 
quently changed several times per minute, according to the degree of 
dilatation or contraction. 

From their studies, Clark and Clark (1934, p, 239) found that 
anastomoses, in addition to being normally present in large numbers in 
the rabbit’s ear, are relatively permanent. That new anastomoses occa- 
sionally formed in the chamber areas seemed certain, although here 
again care was necessary in order to be sure that a supposedly new 
anastomosis was not merely a preformed one which had remained closed 
for some time and then reopened. In sevei-al clmmbers, liowever, the 
appearance of a new anastomosis was obseiwed in a region whicli had 
been submitted to exlensive study, part of the time with liigher micro- 
scopic magnification, for months. Despite the formation of occasional 
new ones, the apparent loss of a few othei-s and the undoubted changes 
of formation of many individual anastomoses observed, a cross-connec- 
tion between a given artery and vein once located could be identified, 
in the majority of cases, at the same site over a period of months. 
Anastomoses appeared to be fully as stable in fonn and position as the 
smaller arteries and larger veins, and conspicuously more so than the 
venules and eapillai'ies which have been shown to be remarkably labile. 

Their obseiwations on the distribution of iinimtomoscs in the human 
.skin arc summarized in the following table by Grant and Bland (1931, 
p. 393). Anastomoses are ab.sent from dorsum of finger.s, toes, hand, 
and foot; from flexor surface of lower forearm and lower calf of leg, 
and from lower half of car. 

The authois Grant and BJarid (I93J, p. 392) .state that flic ana.sto- 
moso.s are e.specially con.spietioii.s by rcn.sori of their thick walls with 
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vascular reaction but are the vessels chiefly responsible for the increased 
blood flow. Grant and Bland (1931) point out that the presence of 
anastomoses in the skin is not essential to the development of the tem- 
perature reaction; for example, although they are apparently absent 
from the lobe of the human ear, yet the lobe usually reacts vigorously 
when cooled. They think it may be that the hand and foot, exposed at 
the end of long limbs and often in contact with cold surfaces, require a 
special vascular arrangement, which is not needed in the ear, adequately 
to protect them against cold; or it may be that the anastomoses in the 
hand and foot, while playing an important part in the reaction to cold, 
are restricted chiefly to these regions for some special and unknoivn 
reason. From their limited distribution, it seems to these authors that 
they are little more than a minor factor in the regulation of body tem- 
perature in man in whose relatively hahdess body other mechanisms are 
more effective for this purpose. That they serve different functions in 
different parts of the body seems to them likely. Of some of their func- 
tions there is evidence, namely, maintenance of the temperature of ex- 
posed parts and regulation of loss of heat. It has been suggested, first 
by Muller (quoted by Grant and Bland, 1931), that anastomoses are 
responsible, at least in part, for erection of the penis. Of other func- 
tions we are as yet ignorant and even speculation fails to suggest a pur- 
pose for the AVA’s in the human glomus coccygeum. Grant and Bland 
note the anatomic relationship between AVA’s and Pacinian corpuscles 
which they state were described by Grosser and Schumacher. They 
emphasize that the activity of AVA’s under various conditions, such as 
have been described, and their presence in large numbers in certain 
parts of the animal body, should be borne in mind in a variety of cir- 
cumstances. For example, they introduce a disturbing element into the 
interpretation of changes in capillary pressure measured at the base of 
the finger nail and because of their presence, pressure changes observed 
liere during hyperemia cannot be taken as representing those occurring 
lU other regions where anastomoses are wanting. Again, their ready 
I'esponse to various stimuli should not be neglected in experiments on 
the blood flow through the limbs of cats and dogs, especially in relation 
to tile action of drugs. Further, since tliej’’ have been described bj'- 
previous workers as present in a number of animals, not only in the 
cars, nose, and feet, but also, among otlier places, in the pia mater of the 
brain, in the capsule and parenchj'nia of kidney, and in the corpus 
cavernosum of the penis, the authors believe, that they must be taken 
into account in dealing with the cii-culalion in these and other parts of 
the body. In this connection, however. Grant and Bland (1931) believe 
it is to be ciniibasized that many of the older .statements as to the pres- 
ence or absence of anastomoses throughout the body require confirma- 
tion. Thus, for example, while they found numerous and large com- 
munications between the arteries and veins on the perichondrium at the 
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tion was an incidental finding at necropsy in a patient, adult man (aged 
fifty-four years), who died of carcinoma of tlie stomaeli and who pre- 
sented during life no clinical evidence suggesting a cardiac defect. 

Grossly abnormal arteriovenous communications have been recognized 
for many yeai-s. Eeid (1925, b, p. 996) states that both Antyllus and 
Albucasis accuratety noted tlie physical signs of a condition we now 
lecognize as arteidovenous aneuiysm, altliough tiiey did not recognize 
its cause and, therefore, could not give to it the name of arteriovenous 
aneurysm. According to Eeid, the condition of abnormal arteriovenous 
communications was first accurately described by William Hunter in 
1757. Callander, in 1920, collected 447 eases of all kinds, 3 being con- 
genital. Reid, in 1925 (1925, a), reported 33 cases of abnormal arterio- 
venous communications. Twenty-seven were acquired and 6 congenital. 
Lewis, in 1930, collected 33 eases in the literature (congenital). These 
include the cases of Eeid and 3 from the Mayo Clinic. Horton, in 1931, 
reported 24 cases from the Majm Clinic between the years 1929 and 1931, 
and in 1934 he reported 3S eases seen up to that time. In only one case 
was the diagnosis made before entrance to the Clinic. In 19 cases re- 
ported by Lewis, surgical exploi-ation was carried out. This was fol- 
lowed by amputation in 11 cases, and surgical cure was obtained in 
only 1 case. The report of 1 case is here added. 

Physiology . — Grant (1930, p. 281), from his observations on direct 
communications between arteries and veins in the rabbit ’s car, concludes 
that we have no conception of the function of AYA’s based on c.\pcri- 
ments. Flushing of the ears is dependent on the temperature to which 
a rabbit’s body is exposed, rather than that to which the oar is e.x- 
posed. He (Grant, 1930, pp. 283-300), found that the anastomoses in 
the rabbit’s ear react to mechanical stimulation, histamine, acetylcho- 
line and cold, by dilatation, and to adrenaline by contraction. They 
can be dilated by the local axone reflc.x, and they arc particularly re- 
sponsive to sympathetic impulses, contracting vigorously. Stimulation 
of the sympathetic with faradic current, he found, causes contraction. 
An unusually rich distribution of the perivascular nerve ]fioxus to tlio 
AVA’s is described. The anastomoses, according to Grant (1930), serve 
two functions; (1) local— it is mainly through their agency that the 
temperature of the ears is maintained when these arc exposed to cold ; 
(2) general; they are important factors in regulating body tentperaturc, 
aiding in the dispersal of heat by allowing an enormous blood /low 
through the ears. Grant and Bland (1.931) confirm IIjcsc observations. 
They found numerous anastomoses pro.sent in the bird’s foot and found 
that the foot responds to cooling by a vigorous temperature reaction. 

In man many anastomoses arc found in the palm of the hand and sole 
of the foot and they are jmrticuJarl.v numerous at the ends of tlic digits. 
These pai-Is al.so react strongh' when cooled, and they state there are 
reasons for believing that the anastomoses not only fake part in tlie 
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vascular reaction but are the vessels chiefly responsible for the increased 
blood flow. Grant and Bland (1931) point out that the presence of 
anastomoses in the skin is not essential to the development of the tem- 
perature reaction; for example, although they are apparently absent 
from the lobe of the human ear, yet the lobe usually reacts vigorously 
when cooled. They think it may be that the hand and foot, exposed at 
the end of long limbs and often in contact wdth cold surfaces, require a 
special vascular arrangement, which is not needed in the ear, adequately 
to protect them against cold ; or it may be that the anastomoses in the 
hand and foot, while playing an important part in the reaction to cold, 
are restricted chiefly to these regions for some special and unkno^vn 
reason. From their limited distribution, it seems to these authors that 
thej^ are little more than a minor factor in the regulation of body tem- 
perature in man in whose relatively hairless body other mechanisms are 
more effective for this purpose. That they serve different functions in 
different parts of the bodj’’ seems to them likely. Of some of their func- 
tions there is evidence, namely, maintenance of the temperature of ex- 
posed parts and regulation of loss of heat. It has been suggested, first 
by Muller (quoted by Grant and Bland, 1931), that anastomoses are 
responsible, at least in part, for erection of the penis. Of other func- 
tions we are as yet ignorant and even speculation fails to suggest a pur- 
pose for the AVA’s in the human glomus coccygeiun. Grant and Bland 
note the anatomic relationship between AVA’s and Pacinian corpuscles 
which they state were described by Grosser and Schumacher. They 
emphasize that the activity of AVA’s under various conditions, such as 
have been described, and their presence in large numbers in certain 
parts of the animal body, should be borne in mind in a varietj’' of cir- 
cumstances. For example, they introduce a disturbing element into the 
interpretation of changes in capillary pressure measured at the base of 
the finger nail and because of their presence, pressure changes observed 
here during hyperemia cannot be taken as representing those occurring 
in other regions where anastomoses are wanting. Again, their readj 
re.sponse to various stimuli should not be neglected in experiments on 
the blood flow through the limbs of cats and dogs, especially in relation 
to the action of drugs. Further, since they have been described liy 
previous workers as present in a number of animals, not only in the 
cal’s, nose, and feet, but also, among other places, in the pia mater of the 
brain, in the capsule and parenclivTua of kidney, and in the corpus 
cavernosum of the penis, the authors believe, that they must be taken 
into account in dealing with the circulation in these and other parts of 
the body. In this connection, however. Grant and Bland (1931) believe 
it is to be emphasized that many of the older statements as to the pres- 
ence or absence of anastomoses throughout the body require confirma- 
tion. Thus, for example, while they found numerous and large com- 
municafions between the arteries and veins on the perichondrium at the 
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tip of the rabbit’s ear, they failed to diseover in two rabbit and two dog 
kidneys and one human kidney anastomoses such as, they stated, liavo 
been described by Geberg and Golubew. It seems clear that many more 
anatomic and pliysiologic data require to be collected on tliese interest- 
ing direct communications between arteries and veins. 

Grant and Bland (1931, p. 306) summarize their conclusions as 
follows : 

1. Numerous AVA’s arc present in the foot of the domestic hen and 
duck. 

2. The foot of these birds responds to cooling by a vigorous tempera- 
ture reaction closely resembling that of the human finger. 

3. In man many anastomoses are present in the sole of the foot and 
palm of the hand and they are particular]}' numerous at the ends of 
the digits. 

4. These are the parts that also react strongly to cold, the reaction 
being best displayed where anastomoses are most numerous. 

5. Though other parts of tlie body yield a temperature reaction in the 
absence of AVA’s, the authors believe that in tlie extremities llie anasto- 
moses not only take part in this vascular reaction but are chiefl.v re- 
sponsible for the increased blood flow. 

6. Because of their activity under various conditions and their pres- 
ence in large numbers in certain parts of the animal body, AVA’s re- 
quire to be taken into account in dealing with the peripheral circulation. 

Clark and Clark (1934, pp. 282-284), in their studies of living AVA’s 
in the rabbit’s ear, found that those AVA’s most exposed during the 
operation remained dilated and noncontractile for hours or days, while 
the deeper ones, like the arterioles, usually remained narrow or closed. 
Subsequently, the dilated AVA’s nairowed or closed coznpletely for a 
period, while the others undened. Spontaneous periodic contractions 
of- most of the AVA’s in the chamber returned withiji two days to a 
week after the operation, although an injured AVA or portion thereof 
might remain dilated and paralyzed for a longer period. The difference 
in recoveiy rates was probably due to varying degrees of nei-ve injury. 

AVA’s in stable chambers were seen by Clark and Clark (1934) to 
contract and dilate spontaneous!}', each at a rhythm which was usually 
independent of that of the artery from which it arose or from that of 
other AVA’s in its immediate vicinity. The behavior of individual 
AVA’s frequently varied from day to day, even with surrounding con- 
ditions as nearly nnifonn as po.ssible. The active opening and closing 
of AVA's had a marked cITcet on the direction, .speed, and volume of 
blood flow in the veins into nhich they emptied. 

IMild .stimulation (tactile) of the rabbits cau.sed the AVA’s to con- 
tract with the arteries, .‘sudden noises also caused contraction of the 
AVA’s with the arteries, altlioiigli an e.xccption on the part of one AV'A 
was noticed on one occasion. In sleep, wifii arteries all dilated and 
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sluggish circulation, many of the AVA’s also widened, while others con- 
tracted tightly, and stiU others continued to open and close rhythmically. 

Clark and Clark (1934, p. 283) state that, in general, AVA’s, like 
arteries, were wider at warmer and narrower at cooler temperatures, al- 
though mth moderate changes in either direction the contraction 
rhythm was maintained. Usually, local heating of the ear had to be as 
high as 40° C. before many AVA’s ceased rhytiunic contractions and 
remained dilated, although the arteries usually shoAved lengthening of 
the dilatation period at 32° C. to 36° C. However, some AVA’s always 
continued to contract with no change in rate or length of the dilated 
period at temperatures of 40° C. to 44° C., while a few in each chamber 
failed to respond in any perceptible way to heating. Similar exceptions 
were noted udth moderate degrees of cooling when most of the AVA’s, 
like the arterioles, stayed narrow. An AVA wdiich responded to heat- 
ing or cooling in any one way on a certain day might behave quite dif- 
ferently on the next day. Within the moderate ranges of temperature 
used, a wide variety of individual reaction was always noted whenever 
a number of AVA’s were kept tuider prolonged observation. AVA’s 
located near regions of local infection, like tlie ai'teries, remained pei’- 
sistently wider than the normal vessels. In such cases the spontaneous 
contractions of the AVA’s usuallj’’ ceased before those of the neighbor- 
ing arteries. However, Clark and Clark (1934, p. 284) observed an ex- 
ceptional AVA, located near such an infected spot, which failed to wdden 
and which continued to contract rhythmically. They found that stimu- 
lation caused contraction; while in sleep, some opened, some contracted. 

In general, AVA’s dilated with warmth and contracted with cold. The 
hehamor to local heat and cold might vaiy from daj^ to day. In areas 
of local infection they remain widely open. 

In concluding their observations, Clark and Clark (1934, p. 2S1) 
state that perhaps the most strildng chai-aeteristic of .the living AVA’s 
as sho\™ by their study is their erratic behavior. General pictures of 
their usual activity can be given and general statements made concern- 
ing their reactions to change of temperature, to sleep, and to infection, 
but individual exceptions must be made in all of these cases. It would, 
therefore, seem inadvisable to base conclusions as to the behavior of 
AVA’s in general upon observations of tlie reaction of a few of them on 
any one day. 

Starling (1933, p. 1015), in discussing the physiology of AVA’s, states 
tiiat tlie blood flow through the skin is under the control of the central 
nervous system through the vasoconstrictor and vasodilator nerve.s, and 
wlien the skin is cooled it is by altering the size of the cutaneous vessels 
that tlie central nervous system chiefly acts in regulating heat loss. In 
cold weather or wlien heat production in the body is low, the vessels are 
constricted, the .skin is cold, and the lieat loss is' small. In the extrern- 
itics of the body, exce-ssivc skin cooling, with ensuing tissue damage h 
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probabl 3 ’- prevented bj' tJie opening up of tbe AVA’s. In tin's wa.r the 
skin surface is flushed with warm blood so that its cooling is dela 3 'ed. 
The anastomoses are controlled, probabl 5 ^ centrall 3 ", hy constriction or 
dilatation of the arterioles. 

Pathology. In clinical medicuie the existence of abnormal artei'io- 
% enous communications is recognizable b 3 ’' the presence of certain rather 
ob^ ious S 3 nnptoms and signs. The most common sites for the occurrence 
of ATF’s are the head (scalp and intracranial), the neck, and tlie e.x- 
tremities. The relative I’ai’ity of these lesions in the trunk is of interest 
in view of Halpert’s (1930) description of a congenital AYA in the 
heart and of Swindle’s (1935, p. 3) finding of a congenital A^’A in the 
walls of the fetal stomach. The changes produced b 3 ’’ the presence of 
AVF’s are usuall 3 ^ grouped under the local, the regional, and the gen- 
eral or s 3 'stemic. The local clinical picture as well as the nomenclature 
ma 3 ^ be confusing. As Lewis (1930, p. 4) points out, it is frequentl 3 ’ 
impossible to differentiate between various vascular lesions, for the 3 ^ ma 3 ' 
have several common characteristics. The 3 ' are classified in diverse 
fashions b 3 ' different authors. Reid (1925, h) believes that there is no 
essential difference between arteriovenous aneiivysms, cirsoid anem;vsnis 
(racemose aneuiysms), arterial Ranken-angiomas or aneujysms b 3 ' 
anastomosis, pulsating angiomas, and possibl 3 " simple angiomas. Reid 
believes that all are probably instances of abnormal arteriovenous com- 
munications, and, therefore, that the term arteriovenous aneinysm is all 
embracing. As he states, the medical profession has come to regard 
arteriovenous aneurysms as having to do with trank line vessels and not 
M'ith the veiy small arteries and veins. For instance, the condition that 
results when a blow on the head establishes a free communication be- 
tween the vessels of the scalp is Icnown as a cirsoid aneuivvsm and not ns 
an ai'teriovenous aneuiysm. Matas (quoted by Reid) defined an arterio- 
venous aneuiysm as any abnormal eommunication established between 
the arterial and venous channels. The terms hemangicctatie hyper- 
trophy and congenital phlcbarteriectasis have also been used to describe 
this condition. 

According to Lewis (1930, p. 3), the arterial Rankenangioma (race- 
mose or cirsoid arterial aneurysm) has been defined as a vascular tumor 
in which all the arteries of a region, including theii- finest branches, often 
communicating with each other, are dilated and tortuous. Secondarily, 
the veins, according to most authoi-s, are involved. Wagner (quoted by 
Lewis, 1930) believes that the formation of new ve.sscls is characteristic 
of an angioma of this t}~pc, that the ncwlv formed ve.sscls ba\c a de- 
cided tendency to growth, and that there is an eccentric hypertrophy of 
tJie ve.sscls of small caliber already existing. The arterial racemose 
aneuiysm lias been differentiated from ]c.sion.s Imonm as diffuse phleb- 
artcricctasis and diffuse phlebccfasi.s. Diffu.se phlcbnrfericctnsis is suj)- 
posed to be characterized by a progrc-ssive dilatation of an arterial bed 
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witli its capillaries and veins, while in diffuse plilebectasis only the veins 
are involved in the dilatation. It would seem that the terms AVF and 
arteriovenous aneurysm are used rather indiscriminately. The fact that 
AVA’s exist in rvhat may be considered the normal state of many ani- 
mals and the fact that clinicians recognize only the very obvious altera- 
tions produced by relativel}'- large communications raise the question as 
to the existence of border line or unrecognizable AVA’s. The term 
“arteriovenous fistula,” in Horton’s (1931) paper, is used to designate 
any abnormal communication or communications between arteries and 
veins bj^ means of which arterial blood passes from an artery to a vein 
without passing through a capillary bed. It includes the various direct 
and indirect communications described in literature as cirsoid aneurysm, 
arteriovenous aneuiysm, pulsating venous aneurysm, arteriovenous vari.x, 
aneurysm by anastomosis, angioma cavernosum, angioma arteriale race- 
mosum, aneurysm serpentina, and angioma arteriale. 

Horton (1931, p. 665) states that he agi’ees with Dandy (1928, p. 
192) that the various terms, “eavernosus,” “racemose,” “cirsoid,” and 
“serpentine,!’ whether applied to arteries or veins, are merelj^ desciup- 
tive of a superficial expression of a lesion and not of tlie fundamental 
pathologic process. The terms, he says, for tlie most part are useless 
and serve only to confuse the i-eader. The fundamental pathologic 
process is the same regardless of whether the arteriovenous fistula is in 
the foot or in the cranial eavit 3 ^ Intracranial AVF ’s offer the best op- 
portunitj' for a studj' of the gross appearance of the abnormal arterio- 
venous connections. Dandj' (1928) observed that since the veins are free 
from all accessorj’' coverings it is possible to see through the walls of the 
veins and detect the pulsing red arterial blood against a background of 
black venous blood. Cushing and Bailey (1928, p. 54), while exploring 
the great vessels of the neck in a well-advanced case of AVF (angioma 
arteriale), observed that the internal jugular vein was markedlj’’ en- 
larged and that “it looked much lighter in color than normal, and on 
inspection, though the vein was not definitelj’' pulsating, one could see 
what appeai-ed to be a current of arterial blood passing down in the 
venous stream.” Horton (1931, p. 666) states that if one could onl.v 
visualize tlie regional vessels and the abnoimial arteriovenous communi- 
cations in the extremities of the group of cases reported in his paper he 
believes that one would see the same pictures which have been so accu- 
ratel.v described ly Dandj' and Cashing. He thinks this is ampl.v indi- 
cated ly the oxj-gen studies which wcz’c carried out. In each ease there 
was a high admixture of arterial and venous blood in the regional or 
deej) veins of the involved extremity. The bi’iglit red appearance of the 
blood in most cases was sutTiciont to warrant the diagnosis of an AITf 
IVmherlon and Saint (1927, p. 791), in reviewing the elTcets of ab- 
normal arteriovenous communications, describe the .symptoms and signs 
The usual effects may be considered from three aspects: the local "the 
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regional, and the general or systemic. The local effects, they state, are 
those manifested by the affected blood vessels. The blood from the 
artery flows into the distal part of the vein, greatlj' increasing the vol- 
ume of blood in it and producing a pressure greater than the vein is 
iioimnlly capable of withstanding. As a result, the vein becomes dilated 
and tortuous. Similar changes take place, though probably not to such 
a great extent, in the proximal part of the vein. The larger tlie fistula 
and the longer’ its duration, the more widespread will be the yenoxts in- 
volvement, in many cases almost all the veins of a limb which is the site 
of a fistula'being affected. Eeid (1920) found in experiments on dogs 
that there was an increase in the elastic tissue in the walls of an involved 
vein (the so-called arterialization). Pemberton and Saint (1927) were 
able to' examine microscopically the veins in the vicinity of the anastomo- 
sis on one case only and found no evidence of arterialization, but cal- 
careous degeneration was well marked in the internal part of tiie middle 
coat in one section. 

The effect of an AVP on the involved artery, according to these au- 
thors, consists of dilatation, thinning of its walls, and degenerative 
changes in its coats, all of these changes taking place, in greater or less 
degree, only proximal to the fistula. Holman (1924, p. 816) has drawn 
attention to the fact that when the cross-section of the fistula is small 
these changes may be hardly noticeable or even entirely absent, although 
the fistula ma}'' have existed for many years; whereas, when the fistula 
is large, they are invariably present, particularly the dilatation and 
thinning, in marked degree. As to the cause of these changes in the 
I)roximal artery, opinions are somewhat divided. According to Pember- 
ton and Saint (1927, p. 792), some authors believe that the diminished 
blood pressure causes loss of tone and functional inertia which results 
in the changes just described. The objectioii to this theory is that tlie 
diminished blood pressure is genoiul and, since other arteries are not 
affected, it would seem that the cause is local rather than general. 
Others take the view that the increased amount of blood flowing through 
the artery is sirfficient to account for them. Reid (1920, pp. 43-50) 
thinks that it would be unusual if a simple handling of an increased vol- 
ume of blood by the proximal vessels did not lead to an hypertrophy 
and strengthening of their walls. While it is true that dilatation, thin- 
ning, and degeneration of the walls of the hollow viscera arc often the 
seqimlae of previous liypertrophy, yet this is not always so, and Pember- 
ton and Saint (1927, p. 793) offer another explanation of these changes. 

In the first place, the dilatation is acute. In support of this are the o)>- 
servafions that it is present only when the fistula is large and ^ ‘‘'d ’ 
occurs ahno.st at once after the prodiielio7i of the lesion. Si tone, u- 
dilatation eau.scs constriction of the va.sa va.sonini, and tliis results in 
diminished nutrition of the vcs-scl wall, leading finally to thinning and 
degeneration. 
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The regional effects are those evident in the particular limb affected. 
The first is hypertrophy, as seen in the increased girth and, at times, 
increased length of the limb. The latter indicates an overgrowth of the 
bones and is found only when the lesion has been established for some 
time before the ossification of the epiphyseal cartilage, so that congenital 
cases are particularly liable to show it. The second effect is increase in 
superficial temperature, and the third, trophic changes. Pemberton and 
Saint (1927, p. 793) believe that the first two can be explained by the 
increased volume of blood fiowing through the limb consequent upon the 
production of the fistula. They account for the trophic changes as be- 
ing produced by two factors : First, the diminution of the flow of blood 
through the capillaries owing to its easier path of escape into the veins 
through the fistula, and second, the increased pressure on the veins im- 
peding the return of deoxygenated blood from the capillaries. These two 
factors worlcing together tend to bring about a state of anoxemia of the 
tissues affecting more particularly those most distally situated. On this 
account, if these tissues become even slightly injured, the normal in- 
flammatory reaction necessar}’’ for their repair is either feeble or absent, 
and hence chronic progressive ulceration (partial obstruction) and later 
gangrene (total destruction) supervene. In their series in Cases 3, 5, 6, 
and 8, that is, all those in which an extremity was affected, chronic 
ulceration and gangrene were quite prominent features. 

Bruits and thriUs are found over the affected area in some cases. In 
23 cases reported in 1932, Horton (1932, pp. 6, 7) found bruits present 
in 8 of the 23 cases, and thrills in 4 of these 8. By perfusing the arterial 
ti’ee -^vith water under a pressure of approximately 150 mm. of mercury 
m the amputated extremity in Case 1, Horton states that the bruit and 
thrill were reproduced and could be distinctly heard and felt in the 
region of the wrist. The arterial tree was injected with a mixture of 
sodium bromide and gelatin, and roentgenograms of the injected ex- 
tremity were made. This illustrated abnormal communications between 
the arteries and veins. There were also some small communications in 
the bone itself. These observations were confirmed by dissection of the 
arm. There were also some small aneurysms in tlie arteries and veins 
similar to those previously described by Wilbur (1930). 

The cause of the overgrowth of extremities, particularly the cause of 
the increase in length, is a subject of great interest. Horton (1934, pp. 
460, 461) states that the increased flow of blood is the cause of the hjqicr- 
trophy both of the bone and of tlic soft tissues. He states, also, that 
arteriograms of several subjects, the length of whose bones in the in- 
volved extremities had increased, revealed that the ATF’s ivere adjacent 
to the epiphyseal line; wherea.s, arteriograms of three subjects without 
such increased length of bone in the involved extremities revealed that 
the abnormal communications between the arteries and veins were along 
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regional, and the general or systemic. Tlie local effects, they state, are 
those manifested by the affected blood vessels. The blood from the 
artery flows into the distal part of the vein, greatly increasing the vol- 
ume of blood in it and producing a pressure greater than the vein is 
}2ormaUy capable of withstanding. As a result, the vein becomes dilated 
and tortuous. Similar changes take place, though probably not to such 
a great e.vtent, in the proximal part of the vein. The larger the fistula 
and the longer its duration, the more rvidespread will be the venous in- 
volvement, in many cases almost all the veins of a limb which is the site 
of a fistula being affected. Reid (1920) found in experiments on dogs 
that there was an increase in the elastic tissue in the walls of an involved 
vein (the so-called arterialization). Pemberton and Saint (1927) were 
able to examine microscopically the veins in the vicinity of the anastomo- 
sis on one ease only and found no evidence of arterialization, but cal- 
careous degeneration rvas well marked in the internal part of the middle 
coat in one section. 

The effect of an AVP on the involved artery, according to these au- 
thors, consists of dilatation, thinning of its walls, and degenerative 
changes in its coats, all of these changes taking place, in greater or less 
degree, only pro.ximal to the fistula. Holman (1924, p. S16) has drawn 
attention to the fact that when the cross-section of the fistula is small 
those changes may be hardly noticeable or ei-en entirely absent, although 
the fistula may have existed for many yeai’S; whereas, when the fistula 
is large, they are invariably present, particularly the dilatation and 
thinning, in marked degree. As to the cause of these changes in the 
proximal artery, opinions are somewhat divided. According to Pember- 
ton and Saint (1927, p. 792), some authors believe that the diminished 
blood pressure causes loss of tone and functional inertia whicli results 
in the changes just described. The objection to this theory is that the 
diminished blood pressure is general and, since otlicr arteries arc not 
affected, it would seem that the cause is local rather than general. 
Others take the view that the increased amount of blood flowing through 
the artery is sufficient to account for lliem. Reid (1920, pp. 43-50) 
thinks that it would be unusual if a simple liandling of an increased vol- 
ume of blood by the proximal vessels did not lead to an hypertrophy 
and strengthening of their walls. While it is true that dilatation, thin 
ning, and degeneration of the walls of the liollow viscera arc often the 
sequelae of previous hyperlrojiliy, yet this is not always so, and Pember- 
ton and Saint (1927, p. 793) offer another c.xphmation of thc.se changes. 

In the first place, the dilatation is acute. In support of tins arc the ob- 
.servations that it is present only wlien the fistula is large and that it 
oceui-s almost at once after the production of the lesion. Second, the 
dilatation causes constviction of the vasn vasoruni, and this results in 
diminished nutrition of the vc.ssel wall, leading finally to thinning and 
degeneration. 
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may result in a hyperplasia of hone growth, according to Cone (quoted 
hy Pearse and Morton). Studies on the blood changes in venous stasis 
made hy Peters, Bulger, Eiseninan, and Lee (1926) revealed an increase 
in the volume of the formed elements and increase in total plasma pro- 
tein and an elevation of oxj'gen capacity and carbon dioxide content. 
The pH was reduced and relative acidity prevailed. The total acid and 
base of the plasma remained relatively constant wdiile tlie salt content 
was apparently unchanged. Swindle (1935, p. 11) is of the opinion that 
the reduction of pH may be the factor which stimulates growth. 

Harris and Wright (1930, pp. 142, 143) studied a case of heman- 
gicctatic hypertrophy of the limb and made observations upon the rate 
of groivth in the presence of increased blood supply in kittens who had 
been subjected to S 3 ’^mpatheetomy. These autlioi's reported the ease of a 
boy aged ten j-ears with an overgrowdh of the right leg. The right 
femur was 1 cm. longer than the left, wiiile the right leg was 4.5 cm. 
lojiger than the left, most of tlie overgrowih of the extremit.v occurring 
below tlie knee. Prom the description given, it w’ould seem that abnor- 
mal arteriovenous communications existed above the level of the laiee. 
Tlie authors assumed that there wms an increase in the blood supplj’’ as a 
I’esult of the AVP’s. It w'ould seem that tlie same conditions prevailed 
m this case as in other cases of abnormal venous communications with 
h.vportroph.v and that there was a venous stasis I’esponsible for the oimr- 
grow'th rather than an increase in blood suppl 3 ^ Cannon and others 
(1929) found that s.vmpatheetomj'- causes no change in the grow'th of 
long bones as compared with the normal side in kittens four months old. 
Harris and Wright (1930, pp. 147, 148), as a result of their experiments, 
also came to the conclusion that destruction of tlie sympathetic innerva- 
tion of tlie forclimb of kittens witli its resulting increased blood siippl.y 
results in no increase in its bonj' structure. 

The general or s.ystemic effects depend on the distui’bance in the func- 
tion of the circulator.v system produced b,v the development of the 
fistula and also on nature’s efforts at compensation. Normall.v the cir- 
eulatoiy s.vstem consists of heart, arteries, capillary bed, and veins. The 
formation of an A VP creates a new path through which the blood can 
flow, a second .s.vslciii, consisting of heart, artery, fistula, and vein being 
thus formed. The essential point of difference between the two sj'stems 
i^f tbat the second (fistulous) system is praeticallA- doA’oid of peripheral 
I’csistancc. Since a fluid will always flow along the path of least resist- 
ance, the le.ss the peripheral resistance of the fistulous sj-stem, the greater 
will he the tendency for blood to pa.ss through it. In order that blood 
niay .still continue to flow through the capillarv s.vstem with its high 
I>ori))heral resistance, it is e.ssential that an adequate general blood pres- 
sure .should be maintained (IJohnan. 1.924, pp. S02. 803). 
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the shaft of the long hones. Horton believes tliat the increased length 
occurs when abnonnal communications liave existed for a considerable 
time before ossification. 

Diy and Horton (1935, p. 661), in describing a ease of spontaneou.s 
closure of a traumatic AVF involving the right femoral artery and vein, 
stated that “despite the fact that tlie fistulous communication was in flic 
upper part of the thigh, the increase in bony growth was in the tibia 
rather than in the femur.” Pemberton and Saint (1.927, p. 793) also 
explain hj'pertrophy and increase in length of extremities as being dno 
to an increased volume of blood flowing through the limh. On the other 
hand, they explain the trophic changes sometimes observed as due to the 
diminution of blood flow through the capillaries and the increase in pres- 
sure on the veins thus impeding the return of deoxygenated blood from 
the capillaries. These two factors, they believe, tend to bring about a 
state of anoxemia of the tissues atfecting more particularly those most 
distally situated. Starling (1933, p. 1015) states that through the open- 
ing of the AVA’s in the rabbit’s car the skin is flushed Avitli warm blood 
so that its cooling is delayed. As Swindle (personal communication) has 
pointed out, the presence of AVA’s or of abnormal fistulas has a tend- 
ency to shunt the hlood directly into the veins and in that way to pro- 
duce a decreased rather than an increased blood flow. 

In the description of an arm which had been amputated because of 
changes resulting from AVP’s, Pemberton and Saint (1927, p. 784) 
noted that upon injecting a solution opaque to Poentgen rays the solu- 
tion returned almost immediately through the cut ends of the vessels. 
The solution filled the dilated proximal arteries and veins, the more 
distal vessels being only partially filled, because of the short circuiting 
due to fistulous communications. The stimulation of bone growth by 
venous stasis has been observed for man.r years. According to Pcarsc 
and Morton (1930), Ambroise Pare utilized stasis hyperaemia in order 
to stimulate the formation of callus. They state that later Nieoladoni 
advocated this method of treatment for the same purpose. In their sur- 
vey of the literature on the effect of venous stasis upon bone growth, 
Pearse and Morton note that several observers have recorded cliiucal 
improvement in the repair of hone in the presence of venous stasis and 
that various authors have shown that any long continued inflammatory 
process which results in venous congestion will be followed ])y increase 
in the length and thickness of the hones. This response foflows such 
causative factors as irritation of the periosteum, the inti’oduction of foi - 
cign bodies, or the presence of a chronic ulcer of the leg in a 3 oung jici 
son. Pearse and Morton (1930) also state that the venous congestion 
resulting from arteriovenous aiieui^vsms, aiigiectasis, and varicose veins 
ma 3 ' all produce a ]i 3 'pci'pla.sia of hone. The passive congestion re.sulting 
from cardiac failure and Ihe congestion of arteriosclerotic extremities 
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may result in a hyperplasia of bone growth, according to Cone (quoted 
i)y Pearse and Morton). Studies on the blood changes in Tenons stasis 
made by Peters, Bulger, Eiseninan, and Lee (1926) revealed an increase 
in the volume of the fonned elements and increase in total plasma pro- 
tein and an elevation of oxygen capacity and carbon dioxide content. 
The pH was reduced and relative acidity prevailed. The total acid and 
base of the plasma remained relatively constant while the salt content 
vas apparently unchanged. Swindle (1935, p. 11) is of the opinion that 
the reduction of pH may be the factor which stimulates growth. 

Harris and Wright (1930, pp. 142, 143) studied a case of heman- 
giectatic hj’pertrophy of the limb and made observations upon the rate 
of growth in the presence of increased blood supply in kittens wlio had 
been subjected to sympathectomy. Tliese autliors reported the case of a 
boy aged ten years uith an overgrowth of the right leg. The right 
femur was 1 cm. longer than the left, while the right leg was 4.5 cm. 
longer than the left, most of the overgrowth of the e.xtremity occurring 
below tlie knee. Prom the description given, it would seem that abnor- 
* mal artez’iovenous communications existed above the level of the knee. 
The authors assumed that there was an increase in the blood supplj' as a 
result of the AVF’s. It would seem that the same conditions prevailed 
in this case as in other eases of abnormal venous communications with 
hypertrophy and that there was a venous stasis responsible for the over- 
growtli rather than an increase in blood supply. Camion and others 
(1929) found tliat sympathectomy causes no change in the growth of 
long bones as compared with the normal side in kittens four months old. 
Harris and Wright (1930, pp. 147, 148), as a result of their experiments, 
also came to the conclusion tliat destruction of the sympathetic innerva- 
liou of the forelimb of kittens witiv its resulting increased blood supply 
results in no increase in its bony structure. 

The general or systemic effects depend on the disturbance in the func- 
liou of the circulatory system produced by the development of the 
listula and also on nature’s effoi'ts at comiiensation. Normally the cii’- 
eulatory system consists of heart, arteries, capillary bed, and veins. The 
formation of an AVP creates a new path through which the blood can 
flow, a second system, consisting of heart, artery, fistula, and vein being 
thus formed. The essential point of difference between the two systems 
is that the second (fistulous) sy.stem is practically devoid of pcriphei-al 
resistance. Since a fluid will always flow along the path of least rcsist- 
onee, the le.ss the pcrijflieral resistance of the fistulous .sy.stem, the greater 
"•ill be the tendency for blood to jia-ss through it. In order that blood 
may still continue to flow through tlie capillary .system with its high 
pcrijflieral resistance, it is e.s.sential that an adequate general blood pres- 
sure should be maintained (Holman. 1924, jip. 802, 803). 
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the shaft of the long bones. Horton believes tliat tJie increased length 
occurs -n-hen abnormal commnnications Jiavc existed for a considerable 
time before ossification. 

Dry and Horton (1935, p. 661), in describing a case of spontaneous 
closure of a traumatic AVF involving the right femoral artery and vein, 
stated that “despite tlie fact that the fistulous communication was in the 
upper part of the thigh, tlic increase in bony growth was in the tibia 
ratlier than in the femur.” Pemberton and Saint (1927, p. 793) also 
explain hypertrophy and increase in length of extremities as being due 
to an increased volume of blood flowing through the limb. On the other 
hand, they explain the trophic changes sometimes observed as due to the 
diminution of blood flow through the capillaries and the inci'ease in pres- 
sure on the veins thus impeding the retui’n of deoxygenated l)lood from 
the capillaries. These two factors, they believe, tend to bring about a 
state of anoxemia of the tissues affecting more particularl^v those most 
distally situated. Starling (1933, p. 1015) states that through the open- 
ing of the AVA’s in the I'abbit’s ear the skin is flushed ivith warm blood 
so that its cooling is delayed. As Swindle (personal communication) has 
pointed out, the presence of AVA’s or of abnormal fistulas has a tend- 
ency to shunt the blood directly into the veins and in that way to pro- 
duce a decreased rather than an increased blood flow. 

In the description of an arm wliich had been amputated because of 
changes resulting from A'\TJ'’s, Pemberton and Saint (1927, p. 784) 
noted that upon injecting a solution opaque to Roentgen rays the solu- 
tion returned almost immediately through the cut ends of the vessels. 
The solution filled the dilated proximal arteries and veins, the more 
distal vessels being only partially filled, because of the short circuiting 
due to fistulous communications. The stimulation of bone growth by 
venous stasis has been observed for many years. According to Poarsc 
and Morton (1930), Ambroise Pare utilized stasis hyperaemia in order 
to stimulate the formation of callus. They state that later Nicoladoni 
advocated this method of treatment for the same purpose. In their sur- 
vey of the literature on the effect of venous stasis upon hone growth, 
Pearse and Morton note that several observers have recorded clinical 
improvement in the repair of bone in the presence of venous stasis and 
that various authors have shorni that any long continued inflammatory 
process which results in venous congestion Avill be followed by mcrease 
in the length and thiclaiess of the bones. This response follows such 
causative factors as irritation of the periosteum, the introduction of for- 
eign bodies, or the presence of a chronic ulcer of the leg in a young pei- 
son. Pearse and Morion (1930) also state that the venous congestion 
resulting from arteriovenous aneurysms, angiectasis, and varicose veins 
may all produce a hyperplasia of bone. The passive congestion I'csulting 
from cardiac failure and tJie congestion of artei'io.sclerotie extremities 
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lieve that foi* comparative work they are reliable. They have found that 
blood volume between 70 and 100 c.e. for each kilogram of bodj’’ weight 
may be regarded as normal for different healthj^ individuals. On the 
other hand, the blood volume in the same healthy individual estimated 
at different times under comparable I’esting conditions may vary as 
much as 5 e.c. for each kilogram of body weight after ligation of the 
mam arteries involved, a decrease greater than the normal valuation. 
TJiis single piece of clinical evidence, although supporting Holman’s 
(1924) experimental results, does not justify anj’' definite conclusions 
being drawn. However, these authors hope in due course to have the 
opportunity of studying blood volume in a sufficient number of cases to 
be able to satisfy themselves as to whether the data in this single ease 
can be satisfactorily corroborated or not. 

In many of the cases reported in the recent literature on the subject, 
enlargement of the heart has been noted, some times accompanied by 
symptoms or signs of mjmeardial degeneration (Pemberton and Saint, 
1927). Until comparatively recently, it was thought that the heart con- 
dition was coincidental and that, if the state of the heart were poor, the 
surgical risk was correspondingly great and opei’ation contraindicated. 
During the war, however, observers had the opportunity of studying a 
iarge number of eases, and they began to recognize that the condition 
of the heart was not coincident with, but consequent on, the production 
of the fistula. One of the most striking cases is reported by Leriche 
(1919). This surgeon extirpated an arteriovenous aneurysm in a case 
»i which considerable cardiac enlargement and general signs of cardiac 
decompensation were present. The heart returned to its normal size and 
tbe signs of decompensation disappeared. This case, together with later 
abundant experimental work and clinical investigation by the Amer- 
icans, Holman (1923), Keid (1925), Hoover and Beams (1924), and the 
Duglishmen, Lewis and Drury (1923), has eompletely proved the detri- 
uienlal effect of abnormal arteriovenous communications upon the heai’t. 
Dpinions differ as to tlie cause of the cardiac enlargement. Lewis and 
Drury (1923) maintain that it is largely due to dilatation consequent 
upon faulty nutrition of the myocardium, the low diastolic pressure be- 
'>*g insufficient to permit of adequate filling of the coronary vessels. On 
die other hand, Holman (1924), in experiments on dogs, found that in 
uddition to dilatation there was an increase in tlie weight of the heart 
which he concluded must be due to hjq>ertrophy. In Pemberton and 
Saint’s series, cardiac cnlaigement was only demonstrable in two cases. 
D did not occur in any of Reid’s (3925, a) casc.s. 

An AVF has been described as analogous to an aortic leak, but 
whereas in aortic regurgitation the left side of the heart alone undergoes 
dilatation and hypei-troiihy ns a compensatory measure, in AVP both 
s>de,s of the heart undergo these changes, the right side on account of 
having to cope with the increased intake consequent upon the abnormal 
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Tile systemic effects may be considered from tliree aspects: (1) 
periplieral resistance and blood pressure; (2) total volume of circulat- 
ing blood; and (3) the reaction of the heart (Pemberton and Saint, 
1927, p. 794). 

While sj'^stolic pressure is ehieflj^ maintained hy cardiac output, dia- 
stolic pressure, on the other liand, is largely maintained by the elastic 
recoil of the arteries against the peripheral resistance. Following tlie 
production of a fistula the peripheral resistance is much diminished. 
Thus in AVF one would expect a normal or nearly normal .systolic pres- 
sure and a low diastolic pressure, with consequent increase in pulse 
pressure. These are usually found, particularly in cases of the trau- 
matic type. In 9 congenital eases reported by Pemberton and Saint, a 
low diastolic pressure was noted only in 3. Oji closure of the fistula 
(and, therefore, reestablisliment of the normal peripheral resistance), the 
diastolic pi’essure rises to normal, while tlie sj^stolic pressure usually 
remains about the same, although there maj’’ be a transient rise. Hoover 
and Beams (1924) reported that on closure of a fistula the sj^stolic pres- 
sure rose by the same amount as the diastolic, but in most of the re- 
ported traumatic cases the systolic, as already mentioned, remains the • 
same or rises only a few points. Owing to the multiple anastomoses 
present in congenital cases, these changes in blood pressure are difficult 
or impossible to elicit because of the difficulty of closing all of the fistulas 
simultaneously. Horton (1935, p. 460) states that the blood pressure 
was invariablj' higher on the involved side in eases of congenital AVP’s. 

Holman (1924, p. 802) has pointed out that because of the easier path 
of escape offered to the blood from the arterial system bj’’ an AVF, the 
amount of blood passing through the system, heart, arteries, capillaries, 
and veins is reduced according to the size of the fistula; that in order 
that the supply of blood through this S 3 ^stem will be sufficient for the 
needs of the body, an adequate general blood pressure must be main- 
tained; and that one of the compensatory mechanisms to insure this is 
an increase in the total volume of the circulating blood. He proved Ids 
theory to his complete satisfaction by experiments on dogs in which lie 
had produced AVF’s, sliowing that when the lesion was small (and, 
therefore, the amount of blood sliort-circuited back to the heart was cor- 
respondingly small) the blood volume remained constant or nearly so, 
while with larger fistulas he found a definitely increased blood volume 
together with changes in the heart and proximal vessels. Even admit- 
ting that the present methods for the determination of blood volume 
leave much to bo desired, his results seem definite enough to be outside 
the limits of experimental error. 

From a comprehensive studj^ of blood volume (by the dj'e method of 
Keith, Rountree, and Geraghty) in health and disease. Brown and 
Rowntree (quoted 63 ’ Pemberton and .Saint, 1927) do not regard the 
results obtained hy present methods ot cstimution as ahsoluic, but be- 
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HCL and then for an hour or more in tap water. A more convenient 
method consists of injecting a 2 per cent or 3 per cent solution of HCL 
into the arteries and varying the injection pressure for many minutes. 
Tiie tissue becomes edematous and loses its elasticitj' to such an extent 
that if a portion of it is compressed with a blunt object, such as a finger, 
this portion remains defomed for some time. Likewise, when the pei’i- 
vaseidar tissue is repeated^ forced aside b.v the walls of the rhythmically 
dilating vessels, it remains compressed for a sufficient length of time so 
that the veins, as well as the arteries, can be packed with cinnabar by 
injecting this substance in a rhj’thmic manner into the arteries. If no 
AVA’s are present, cinnabar or India ink ma.y be driven from the 
arteries into the capillaries, but not entirely tlu’ough tliem into the veins, 
or the injected substance maj'^ be urged into the veins through the capil- 
laries. Cinnabar can rarely be packed firmly enough in the capillaries 
for these vessels to be visible in photomicrographs. Very slender col- 
umns of India ink in the lumen of the capillaries can be demonstrated 
much better photographically than the slender columns of cinnabar in 
the hnnina of these vessels. 

IV. DIRECT OBSERVATIONS 

A. Injected Blood Vessels . — In the laboratory studies of injected 
blood vessels, AVA’s were found in the ears of tlie rabbit, timber wolf, 
coyote, kangaroo, and dog (see Pig-s. 1 and 2 ) ; the .stomach of the human 
fetus (Swindle, 1935) ; the tunica albuginea of the prong-horned ante- 
lope; and the Scotch buck (Dysach, unpublished material). No AVA’s 
were found in tlie nnicoiis linings of the nasal pa.ssages of any of the 
mamnials examined; in the Imman liver or gallbladder or in the capsule 
of the dog’s kidney. They were not found in tiie injected specimen of 
the swan’s foot, but this pivparation was not entirely satisfactory so 
that our failure to demonstrate them in this tissue cannot be interpreted 
as meaning that they did not occur. AVA ’s were found in tliese tissues 
hi a number of varieties. Funnel shapes ivere frequent in the rabbit’s 
oar, hul not so common in the other tissues. In tiie ear of a dog whose 
body had been cooled with ioe water before clcatb, there was marked con- 
traction of the AVA’.s (Fig. 2) a.s compared with those found in the ear 
of another dog whose deatii oceurred at normal room toniperature 

(Pig. 1). 

B. CUniail Ohsi rvutions . — - 

C. \SK 1 . — Tlic {latioiil, !i white mule, ;ige.il nine ye.-ir.'s unil five months, wus .'ul- 
"'ittod to tlio Milwaukee Chihlren’s llospitiil on March IS. lO;!.!, Iiccauso of .swelling 
of the right leg. Two ami ono lmlf yc.'irs before ailiiii.'ision he had iniured the 
tiglit loR when he jumped off a slump. Following tliis accident, the right .ankle 
"as .swollen and painful. The father assumed that the ankle wa.s sprained. The 
s'vellinp diminished very sloxvly, and the ankle never returned to normal .size. Since 
Ike accident the ankle has l.womo larger during the day when ho is active and the 
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escape of blood into the A^eins through the fistula, the left side in order 
to increase output to maintain adequate general blood pressure. If 
Holman's contention be correct, in addition to tliese factors, the heart 
has to deal also mth increased total Amlume of blood. 

Lewis (1930, p. 18) states that Avhile Bi'anham is given credit for not- 
ing that in closure of an AVF slowing of the pulse rate is produced, and 
this observation has since been spoken of as Branham’s bradycardiac 
phenomenon, this sign Avas described by Nicoladoni fifteen years before it 
AA'as noted by Branham. He states that, hoAveA'er, Nicoladoni did not de- 
scribe the lesion as a congenital arterioA'enous aneurysm. It could not 
be elicited in any of the congenital eases in Pemberton and Saint's 
(1927, p. 796) series because of the dilfieulty in closing the multiple 
communications. 

III. MATERIALS AND JIETHODS USED IN THIS INA'ESTIGATION 

An intensiA’e study AA'as made of a clinical case presenting features of 
congenital AIT’s. Clinical studies included x-ra}^ examination, arteriog- 
raphy, infra-red photographj", skin surface temperatures, cai'eful meas- 
urements, and studies of the oxygen content of the blood in the affected 
and sound sides. Laboratoiy studies of A-arious injected tissues Avere 
made. These tissues Avere prepared and injected by Dr. P. F. Swindle, 
India ink and cinnabar suspension being used. The injected tissues Averc 
cleared by the Spalteholz method and in some instances decalcification 
AA'itli HCL Avas employed. The tissues u'ere examined ufith the binocular 
microscoiie. Among the tissues studied Avere the folloAA'ing: human liver 
and gallbladder; foot of a swan; penis of prong-horned antelope and 
Scotch buck ; stomach of human fetus ; turbinate of reindeer ; ears of the 
rabbit, timber Avolf, kangaroo, coyote, dog, and antelope ; capsule of the 
dog’s kidney. 

The Spalteholz method consists of dehydration of the tissues with abso- 
lute alcohol, displacing the alcohol AA-ith benzine, the benzine then being 
displaced Avith sjmthetic oil of wintergreen. The arteries Avere injected 
first Avith India ink and then Avith red cinnabar suspension. By this 
method the ink is driven into some of the capillaries only or into 
the capillary venules and veins. If the cinnabar is not firmly packed 
into the arteries, some of the ink may remain in some of the smallest 
arteries. The amount of ink passing into and beyond the capillaries 
may depend upon the amount of ink injected as Avell as upon the 
amount of cinnabar packed in the arteries. Under certain conditions, 
an abundance of cinnabar can be ui’ged through the capillaries an 
into the veins. According to SAAu'ndle, this can be accomplished best 
by £rst diminishing the elasticity of the perivascular tissue whi c 
tlie intraA'ascuIai’ fluid pressure is being altered in a rhjhhmic fashion. 

The pulsatile variations in the A’essels may be produced Avliile the 
tissue ■ is placed for several seconds in a moderately concentrated 
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clavicular line. There is a faint systolic bruit at the apex which is not transmitted. 
There is no thrill present. The rate is normal. Except for its prominence, the 
abdomen is negative. The right lower leg is larger than the left. There is some 
edema about the right ankle. The superficial veins are prominent on the right and 
become markedly engorged on standing. The entire right lower extremity becomes 
slightly dusky in color when the patient is erect. The upper extremities are equal 
in size. The superficial arteries of the arms and legs are palpable and apparently 
equal bilaterally. No thrills or bruits are present over the arms or legs. The akin 
temperature of the right leg is grossly higher than that of the left. Detailed studies 



, 2. — PIiotomlcroBrraplis showing typfca! AVA's !n dog's ear. The method of in- 

jection Is tlie same as that used for Fig. 1. This animal's body liad been exposed to 
Ice cold water immediatoiy before death The insert represents tlic .area witliln the 
jwelo of the large pliotograph. The magnlflcatlon of the large photograph is 2".G. 
‘hat of the Insert is 55. Reflected light only was used In photogr.apliing the insert. 
While the large pliotograpli w.as mad.-- wltli retleeted and transmitted light. Note 
the exaggerated contracti.-n of the AVA's In tills flgure in comparison witii tho.se 
shown In Pig. l. 


oI skin temporiiturc readings arc given in following tahulation.s. Routine ox.aniina- 
tions of the blood and of the urine were e.sscnlially negative. The blood pressure 
was as follows: right arm, IKt/HO; left nnn, 105/60; right leg, l.qo/SO' left Ic" 
120/SO. ’ 

On Mnrcli IS, lO.I"), 10 e.o. thorium dio.\ide solution (thorotrast) was injected 
into the right femoral artery with compression of the artery above Die site of in- 
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swelling lias subsided somewlmt at night. For several inontUs following tlie acci- 
dent, the ankle ached considerably. He has been wearing a high boot in order to 
prevent the swelling during the day and finds that this has been of some benefit to 
him. Tlio veins of the right leg have been observed to be somewhat larger than 
those of the left leg. No swelling was noticed prior to the accident. 

The patient’s general healtli lias always been good. Aside from draining ears 
at various times during the past six years, his past history for acute diseases is 
essentially negative. At tlie age of nine years iic was in grade 3-B, and the father 
thinks his mental development is average. The father is well. The mother died in 



in making these pictures. A, arier> . v. 


Hois alert and cooperative. Aside from P ^ ^ 5^ essentially negative, 

membrane on the right, cxammation of \ . ,,„ast. His heart 

The chest is s,-mmotrical except for em. within the mid- 

is within norma! limits, the apex being .n the fifth interspace. 
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clavicular line. There is a faint systolic bruit at the apex which is not transmitted. 
There is no thrill present. The rate is normal. E.xcept for its prominence, the 
abdomen is negative. The right lower leg is larger than the left. There is some 
edema about the right ankle. The superficial veins are prominent on the right and 
become markedly engorged on standing. The entire right lower extremity becomes 
slightly dusky in color when the patient is erect. The upper extremities are equal 
in size. The superficial arteries of the arms and legs are palpable and apparently 
equal bilaterally. No thrills or bruits are present over the arms or legs. The skin 
temperature of the right leg is grossly liigher than that of the left. Detailed studies 



I hotomicrograpli.s showing typical AVA's In tiog's car. Tiio inetliod of In- 
jection is tlic same ns tliat used for Fig. l. This nnlmnl’s body had been exposed to 
ICC cold water inimcdlatcly before deatli The In.scrt represents the area within the 
circle of tlic large pliotograph. The magnincatlon of the large pliotograph Is 27,G. 
,Vio Is C.o. Renccted light only wa.s used In photograpiilng the Insert. 

I'nuc the large pliotogrnpli was mad.’ with i-eliccted and transmitted llglit. Note 
the cxngg^ated contracticn of tlie AVA's In this nguro In compari.son witli those 


of .skin tcmpcnituro reailings are given in following tnhulation.s. Routine c.vamina- 
tiona of tlio blood and of tlie urine were cs.scntiully negative. The blood pressure 
W 1 .S as follows; right arm. lU)/<!0; left anil, 105/00; right log, 130/SO; left leg, 


On Mnreh IS, 10.3.5, 10 e.e. thorium dioxide solution (tl.orotrast) was injected 
into the right femoral artery with compression of the artery above the site of in- 
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The vein was bifurcated at tins point. The artery profunda femoris was iigated 
below tlie second perforating branches. This produced marked diminution in the 
size of the vein. 

There was little change in the local condition following this operation, and on 
October 7, 1935, the popliteal artery and vein were exposed and thoroughly e.xamined. 
No communicating fistulas were found. There were numerous small branches coming 
off of both the artery and vein. These were ligated and cut. 

The boy’s recovery following both surgical procedures was uneventful and wliile he 
remained in bed there was considerable diminution in the size of the leg, but the 
induration in the soft parts below the knee did not entirely disappear. The x-ray 
showed definite thickening of the soft parts of the right leg and thigh. There were 
many dilated veins visible on the calf of the right leg, especially on the lateral aspect. 

The skin surface temperatures and the measurements of the lower extremities 
taken at various times are as shown in Table I. 

Table I 


March IS, 19S5; Temperature 

Bight 

Left 

Arm 

34.8° C. 

34.4° C. 

Forearm 

34.6° C. 

24.2° C. 

Thigh 

35.4° C. 

34.6° C. 

Calf 

35.0° C. 

34.0° C. 

Gluteal fold 

30.2° C. 

35.0° C. 

Popliteal space 

34.6° C. 

34.6° C. 

Foot 

33.4° C. 

32.4° C. 

Mcasiirements 

Bight 

Left 

Circumference 24 cm. above thigh 

36.5 cm. 

34.2 cm. 

Circumference 17 cm. below knee, calf 

26.0 cm. 

23.5 cm. 

Circumference ankle 

24.6 cm. 

23.0 cm. 

Circumference arm 

17.0 cm. 

10.8 cm. 

Circumference forearm 

17.5 cm. 

17.2 cm. 

Length anterior superior spine to internal malleolus 

75.5 cm. 

75.5 cm. 

Length knee to internal malleolus 

30.0 cm. 

30.0 cm. 


Measurements S-14-S5 
Right ankle 7.6 cm. 

Right calf 26.8 cm. 

Right knee 30.8 cm. 

Right thigli 34.0 cm. 

Left ankle 7.6 cm. 

Left calf 24.0 cm. 

Left knee 29.2 cm. 

Left thigh 30.3 cm. 

Te/nperatvres S-IO-SB 
Eight Left 
Arm 35.0° 34.0° 

Forearm 35.2° 35.0° 

Hand 35.4° 35.0° 

Thoracic 34.8° .35.0° 

Lumbar 34.6° 35.0° 

Temperatures S-lO-So 
Eight Left 

Thigh: 

Anterior 

Posterior 35.2° 35.0° 

Calf 36.0° 34.4° 

Popliteal 35.0° 34.6° 

Gluteal 35.0° 36.0° 

Patellar 


4-25-S5 

7-44-55 

0-9-SS 


20.0 cm. 

1S.5 cm. 

2S.0 cm. 

27.0 cm. 

26.0 cm. 


31.0 cm. 

31.6 cm. 

36.2 cm. 

34.0 cm. 

34.5 cm. 


17.0 cm. 

17.0 cm. 

25.0 cm. 

24.0 cm. 

23.0 cm. 


29.5 cm. 

29.5 cm. 

33.1 cm. 

31.5 cm. 

33.0 cm. 

D-9 

-35 

.0-24 

Eight 

Left 

Eight 

35.2° 

35,2° 

35.0° 

33.2° 

35.4° 

36.0° 

35.4° 

35.4° 

.30.0° 

35.4° 

35.2° 

35.8° 

34.6° 

34,6° 

30.2° 

9-9 

-S5 

9-24 

Eight 

Left 

Eight 

35.4° 

.35.2° 

.35.8° 

35.0° 

35.0° 

.30.2° 

.34.2° 

34.0° 

36.4° 

.35.4° 

.35.0° 

.30.4° 

37.0° 

.30.0° 

.37.2° 

.*»(».(! ® 

33.0° 

.30.0° 


9-S4-S5 

10-S1-S5 

11-26-35 

20.0 cm. 

20.5 cm. 

20.5 cm. 

27.0 cm. 

20.0 cm. 

28.0 cm. 

32.5 cm. 

.34.0 cm. 

38.0 cm. 

36.5 cm. 

34.0 cm. 

38.0 cm. 

17.0 cm. 

10.5 cm. 

17.0 cm. 

24.0 cm. 

23.5 cm. 

25.0 cm. 

30.5 cm. 

29.5 cm. 

30.5 cm. 

.34.0 cm. 

.3.3.0 cm. 

35.5 cm. 

'-35 

44-7 

-35 

Left 

Eight 

Left 

35.2° 

35.4° 

35.5° 

.30.0° 

35.3° 

35.4° 

35.8° 

35.8° 

35.0° 

30.0° 

35.4° 

35.0° 

30.2° 

35.0° 

34.4° 

-So 

44-7- 

35 

Left 

Eight 

Left 

35.0° 

30.0° 

35.8° 

30.0° 

.34.4° 

34.0° 

.35.0° 

34.2° 

32.0° 

30.2° 

.34.3° 

33.0° 

30.2° 

.35.9° 

35.4° 

.35.2° 

TO 

35.4° 
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Case 2. — white female, aged eight years, was seen in consultation with Dr. 
Walter P. Blount on January 20, 1936. This child complained of a small left leg. 
The discrepancy in size of the left leg was noticed by the child’s father, who is a 
physician, when the cliild was sis weeks old. No history of injury or of contagious 
disease could be elicited. Eecently the discrepancy between the right and left legs 
had become more noticeable. There was no history of pain in the extremities. 
Examination of the pelvis and both lower extremities was negative except for the 
increase in length of the bones of the right leg. The measurements are shown in 
Table II. 



Fip. 5. — Infra-red pliotoffr.-iph of child with hemihypertrophy Involving the right 
leg. The absence of abnormalities of the veins of either leg Is well demonstrated bv 
this method and Is of definite value In eliminating the pre.scnce of arteriovenous 
fistulas. 

Tlie right foot was at least 1 cm. different in Icngtii from its fellow. When 
standing on a A', inch elevation under the loft foot, the pelvis was level and svm- 
metrical. Stan.ling in bare feet, there w.as a left total scoliosis. The left arm 
hung nway from the .Mde. while the right hung nc.vt to the hodv. There was 
moderate pronation of Ijoth fwt. which was not cxec.-^-sive. There was no difference 
in temperature of tlie legs on palpation, c.vccpt over the knee where the right was 
warmer. X-rny picture... anteriorposferior of the lower extremities, revcaletl no 
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Tabi.e II 


Forearm ' ~ - — 

Upper arm 

Lengtii of arm from the acromion to the radial styloid 
Circiimfereace of calf (standing) 

Circumference of thigh (standing) 15 cm. above the 
patella 

Lentil of leg 

Circumference of calf with legs elevated 
Circumference of thigh (relaxed) 15 cm. above the 
patella 

Length of tibia 

Length of femur (measured obliqiiel3-) 


nrciiT 

LEFT 

20.G cm. 

22.6 cm. 

44.0 cm. 

35.0 cm. 

20.4 cm. 
21.3 cm. 
44.0 cm. 

30.5 cm. 

4S.5 cm. 

74.2 cm. 

34.2 cm. 

44.2 cm. 
71.0 cm. 
30.5 cm. 

45.0 cm. 

32.0 cm. 

42.0 cm. 

43,5 cm, 

31.0 cm. 

41.0 cm. 


difference in the conformation of the long bones, which in the riglit were larger 
in every way than the left: right tibia, 32.5 cm.; right femur, 41.5 cm.; left tibia, 
31.5 cm.; and left femur, ,39.0 cm. The iscliiopubic sj’nchoiidrosis on the right was 
enlarged and not completely closed. That on the left was completely closed. Other- 
wise the epiphyses on the two sides were symmetrical and the bones were negative 
for radiologic changes. 

This child was c.xamined by means of infra-red photography which revealed no 
dilatation of the deep veins (Fig. 5). This method was of assistance in eliminating 
the presence of abnormal communications between tlic arteries and veins in this 
case. The final diagnosis of homiphypertrophy of the right leg was decided upon 
because of the absence of any abnormality of either leg other tlian the difference 
in size. 

V. GENERAL DISCUSSION 


The relative rarit.v of congenital A^^P’s in clinical medicine is notc- 
ivortliy in view of the development of the blood vessel system. The 
origin of the arteries, veins, and capillaries from n common bed not only 
e.xplains the occurrence of these fistulous comnninieations, but makes tlioir 
infrequent oeeurrenec wortliy of comment. As Sabin (1917, p. 120) has 
noted, in certain embryonic vessels tlie direction of the flow of blood may 
be reversed so that these vessels which function as arteries during one 
stage of development, function as veins during another. Woolard’s 
(1922) plates show clearly the capillary network through wliicli the 
forelimb bud of the pig embryo first gets its blood supply, and how, at 
a later period, when subclavian artery and vein are beginning to bo dif- 
ferentiated, there are numerous communications between tlie two ves- 
sels. Keid (1925, h) e.xpresses wonder at the fact that pathologic varieties 
of AVA’s do not occur more frequentl.v. Swindle’s (1935, p. 8) obser- 
vation that some embryonic AVA’s arc fi-xed by solid tissue about them 
so that they cannot loop away and develop normally is worthy of con- 
sidci-aWe thought. It has some clinical support in the fact tliat Lewis 
(1930) reported a case of congenital AVP’s involving the ear, and tliat 
several cases hai-e been i-eported in which large arteriovenous eommiuii- 
cating channels have occurred in bone. It is probable that since oiir at- 
tention has been directed to this sub. 7 cet by the work of Itnlsted (1919), 
lieid (1.925), Pemberton and Saint (1927), and Horton (1931), more 
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cases will be recognized. The relative increase in the number of cases 
seen at the Mayo Clinic within a few years would tend to substantiate 
this statement. 

The method of development of the blood vascular system is of inter- 
est, not only as providing an academic background for an understanding 
of this subject, but also because it helps to throw some light on the nature 
of the processes sometimes seen in clinical medicine. The essential simi- 
larity between various types of blood A-essel tumors and AVF ’s has been 
commented upon previously in this thesis. Eeid’s (1925, b) statement 
that there is a basic similarit}’^ between cirsoid aneurysms and arterio- 
venous aneurysms is particularly interesting. Trauma is a conunon fac- 
tor in both and he believes that angiomas, cirsoid aneuiysms, and arterio- 
venous aneuiysms have the same etiologie basis. Trauma was an impoi’- 
tant factor in the history of the ease presented here and is noted in 
many clinical reports. Lewis (1930) states that trauma is by far the 
most frequent cause of arteriovenous aneuiysms, and the history of in- 
jury in many of the cases in the literature seems to be more than coinci- 
dental. It is probable that some anomaly in the blood vascular milage 
permits the development of this lesion, when some causative factor, such 
as trauma, maj’’ result in spontaneous communications between the 
arteries and veins. Horton and Ghormley’s (1935, p. 141) observation 
of the appearance of an arteriovenous communication in the leg follow- 
ing obliteration of a congenital fistula in the thigh is also of interest in 
this regard, as it illustrates the probable existence of a preformed chan- 
nel which had not become clinically apparent. Clark and Clark’s 
(1934, p. 239) observation that new AVA’s appeared in a region which 
liad been submitted to extensive study for many months is also sig- 
nificant in considering the clinical aspects of these cases. In applying 
our Imowledge of the genesis of the blood vessels to this subject, one is 
safe in assuming that the preponderance of evidence favors tlie principle 
of llic local origin of intraembryonic endothelium from mcsejiebyme. 
McClure, in his address as Pi'esident of the American Association of 
Anatomists in 1924, stated that the angioblast theory as proclaimed by 
Ilis no longer holds and voiced his belief that the theory of local genesis 
of endothelium is an established fact. This statement was especially 
significant in view of the eontrovci'sy which had raged for years in the 
American Association and among European anatomists regarding this 
subject. McClure's views have not been challenged in the literature 
since that time and they undoubtedly represent the conclusions of the 
anatomic world today. 

The disapi)ointing lack of accurate knowledge of the anatomy of the 
cai)illarics is evidenced by the meager reference made to these structures 
in .standard textbooks on anatomy and the lack of special works on this 
subject. The monograifii of Krogh (1929) stands almost alone in the 
academic field, while Brown (192G, 3929, 3935), of the ^layo Clinic, 
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Jnedicine, ]ias made, in recent years, important con- 
id)ntions to onr knondedge of those structures both in normal and ab- 
normal subjects. It is evident from the studies of these two men that 
there is a great variation in the capillaries so that an approach to tl.is 
suliject, with a view of dcteriiiining tlie effect of patliologic communica- 
tions, IS liampered by a lack of accurate knowledge of tiie normal. Tlie 
possibility that the blood may not be limited by ivalls of endotlielium in 
some regions, as for instance in the spleen, further complicates the 
picture. 


The existence of AYA’s is generally accepted. These derivating chan- 
nels are not to be confused with the pathologic AVP’s of gross airatoiiiy. 
Krogh's (1929, p. 103) statement that, though wider than arteries when 
fully dilated, AVA’s are much too small to be seen with the naked eyes 
and cannot in any wa.y imperil the circulation even when present in 
very large numbers, is significant in view of the inadequate state of our 
knowledge regarding the anatomy and physiology of these structures. 
Clark and Clark (1934, ji. 281), from their studies, conclude that without 
question the changes of blood flow and the oxygen content of the venous 
blood from regions in which these structures arc numerous must be 
greatly modified. The laek of clearly defined limits between what may 
be considered normal and what is to be considered pathologic when 
arteriovenous communications occur independent of a capillaiy bed is 
!it once apparent. The earlier work of Hoycr (1877) has been confirmed 
in part by Grant (1930), Grant and Bland (1931), Clark and Clark 
(1934), and Swindle (1935). The observations here recorded also tend 
to confirm some of the earlier reported work. However, the opinion of 
Swindle (personal communication) that one cannot accept too freely 
earlier .statements relative to the existence of AYA's, and his emphasis 
on the necessity of studying further their distribution must be kept in 
mind before any conclusions arc accepted. Grant and Bland (1931, p. 
40G) also voice the opinion that 3nuch of the earlier work on AYA’s 
needs confirmation. In this eonncelion it should be noted that in the 
literature it is stated as an accepted fact that A1 A’s ore present in the 
corpora cavernosa. Swindle and Dysach (personal communication) have 
not been able to confirm the presence of AYA’s in the corpora cavernosa 
of several animals examined, but they have found numerous AVA s in 
the tunica albuginea in the prong-horned antelo])C and Scotch buck. 

The evidence relating to the function of AYA’s is mitlicting and it 
would seem that thought regarding these structures is somewhat con- 
fused. While AYA’s are usually credited with increasing the blood /low 
to a part, a consideration of the anatomic arrangement would lead one 
to believe tliat in some instances a dccroa.se in the amount of blood nm\- 
ing througli a region miglit occur bccan.se of the short-circuiting off<‘ct. 
of fiicse structures. Tlie wide variation in tlio i-eaction to various stimuli 
is well demonsivMcd by the worlvs of Gi'ant (t.OgO) and of Clark atid 
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Clark (1934). A perusal of the literature merelj' emphasizes Grant's 
(1930, p. 280) statement that we have no experimental evidence of the 
function of AVA’s. 

In considering the regional changes produced by the pathologic Amri- 
cties of arteriovenous communications, the cause of the overgrondh of 
extremities is especiallj* interesting. It is obidous that there is no 
unanimity of opinion regarding the basic nature of the process respon- 
sible for this phenomenon. In all of the cases described, increase in 
length occurred only ivhen abnormal communications existed for a con- 
siderable time before ossification. Clinicians generally dismiss the sub- 
ject by the statement that the increase in length is due to an increase in 
tlic local blood supply. Tending to prove this point, Horton (1934, ]). 
461) has reported on arteriograms of several subjects, the length of 
whose bones in the involved extremities had increased, revealing that 
the AVF’s were adjacent to the epiphyseal line. In three subjects with- 
out such hierease in length of bone in the involved extremities, the ab- 
normal communications were along the shafts of the bones. Diy and 
Horton (1935) describe a ease of spontaneous closure of a traumatic 
AVF involving a right femoral artery and vein and state that “despite 
the fact that the fistulous communication was in the upper part of the 
thigh, the increase in bony growth ivas in the tibia rather than in the 
femur.” Pemberton and Saint (1927, p. 793) also explain hypertrophy 
and increase in length of extremities as being due to an inerea.scd vol- 
ume of blood flowing through the limb. On the other hand, they explain 
the trophic changes sometimes obseiwed as due to the diminution of blood 
flow through the capillaries and the increase in pressure on the veins, 
thus impeding the return of deoxygenated blood from the capillaries. 
It is probable that rather than being due to an increase in blood supply, 
overgrowth is due to passive hyperemia and to the presence in the ex- 
tremity of relatively deoxygenated A'cnous blood. The references to the 
stimulation of bone growth by venous stasis previously referred to, and 
which is well recognized clinically, would tend to confirm this ])oint. 
Further confirmation is found in the work of Cannon and others (1929), 
in which an iuerca.se in the blood supply to the extremities of kittens fol- 
lowing sympathectomy did not result in an increase in growth of the 
long bones. In the ease reported by Harris and Wright (1930), the in- 
crease in the length of the leg occurred mainly below the point of the 
-VVF’s. Here the authors also assumed that the increase in length was 
due to an increase in blood supjily; whereas, venous congestion would 
seem to be a more I'casonable interpretation. That the inerca.se in length 
and the hypertrophy of the (issues are due to a change in the, blood su))- 
l>ly rather than some other factor is supported by physiologic thought. 
Claude Bernard (fpioted by Cowdry. 1928, vol. 1, p. 3). eallcd the in- 
tenstitial lymifii. in which cells are immci-scd, the mi/kit vtfa-inirc. This 
great physiologist believed that the metabolic condition of the cells dc- 



300 


SURGERY 


pended on the composition of tins medium. Alexis Carrel (quoted by 

OM'dry, 1928, vol. 1, p. 3) states that the quantitative and qualitative 
reactions of the tissues to tlie physical chemical conditions of the inter- 
organic medium are responsible for the harmonious growtli of tlie body. 
Tlie cell metabolism and morphologj^ depend on tlie quantitative and 
qualitative charaeteristics of the humors. 

The short-circuiting of the circulation because of A VP’s has a teiid- 
encj^ to produce a venous stasis in the peripheral portions of the extrem- 
ity involved, with a consequent lowering of the pH of the blood. The 
statement that there is an increase in blood supplj" can hardly be sup- 
poited by the evidence at hand and does not seem to be in accord with 
the anatomic arrangement of the described anastomoses. 

The studies of Peters and others (1926) revealed, among other changes, 
a reduction in the pH of the blood and the existence of relative acidity 
following upon venous stasis. Swindle (1935, p. 11) is also of the opin- 
ion that the reduction of the pH may be the most important factor in the 
stimulation of bone growth and soft tissue growth in these cases. 

The observations on laboratory materials tended to confirm the ob- 
servations on living AVA’s in the rabbit’s ear made by Clark and Clark 
(1934) and of observations of Grant (1930) made on the same tissue in 
injected and living preparations. It should be pointed out that the 
morphology of AVA’s as described is varied and that not aU varieties 
are found in eveiy tissue. For instance, funnel types are more frequent 
in the rabbit’s ear, while this was not the case in other tissues examined. 
Krogli (1929, p. 101) makes the criticism of the injection method that it 
does not lend itself to verification by a study of the structures of the 
vessels in question. In addition, he believes that single capillaries can 
easily become greatly dilated by injection under pressure and give tlie 
appearance of wide channels so that he thinks evidence of tliis kind is 
untrustworthy. Swindle (personal communication) believes that, with 
tlie method as used by him, this criticism is purely an academic one. 
Swindle believes that artifacts suggesting AVA’s may be seen in in- 
jected specimens because of compression of veins bj’' arteries. He states 
that he has never seen inflated capillaries following the proper injection 
of tissues except in eases where the blood vessels are hypertrophied. In 
the specimens injected and cleared by Swindle in which AVA’s were 
seen, the evidence of the nature of these structures seemed so clear ns 
to leave little room for argument. 

The use of arteriography in the demonstration of AVF’s promises to 
aid considerably in the diagnosis and treatment of this condition. In 
the case reported here the method did not enable us to localize the fistulas 
and it is probable, because of the nature of the congenital communica- 
tions, tlieir small size, and great numbers, that the method will be of 
limited usefulness.' The possibility of this method being of value in the 
diagnosis of the existence of AVF’s should be borne in mind when 
lesions occur in the extremities. The use of arteriography in the demon- 
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stratioii of AVF’s occurring intracranially does not seem to be war- 
ranted because of the dangers attending the use of a contract medium 
in this region. The dangers apparently outweigh the value to the pa- 
tient of any added evidence which may be so obtained. The dangers 
associated with the injection of large quantities of thorium dioxide are 
well recognized. The amount given in this case (thorotrast, 28 e.c.) is 
well within the limits and is considered as safe. Failure to demonstrate 
large communications or communications in association with the large 
trunks in the reported ease do not negative the diagnosis. The diagno- 
sis, in this case, rests upon the hypertrophy of the leg, the presence of 
dilated veins containing arterialized blood, and the increase in local 
skin temperatures. 

The value of infra-red photography in the differential diagnosis of 
liemihypertrophy of the extremity is evident from the ease here re- 
ported. The absence of dilated veins below the surface of the skin in the 
case of hemihypertrophy helps to exclude the presence of arteriovenous 
fistulas. The markedly dilated and tortuous veins demonstrated in the 
case of AVF’s is important added evidence in establishing that diag- 
nasis. Its use for this purpose has not previously been reported. 

VI. SUMMARY AND CONCLUSIONS 

A review of the literature indicates that the in situ theory of vasculo- 
genesis is generally accepted among anatomists. The assumption gen- 
erally held by physicians that our linowledge of the capiUaiy bed is ac- 
curate and complete is incorrect. A resume of our Imowledge concern- 
hig tlie capillaries is given here as a background for the discussion of the 
clinical phenomena observed in congenital AVF’s. Our Imowledge of 
the anatomy and phj'siology of AVA’s is reviewed for the same pur- 
liose. Laboratory observations of injected blood vessels have been made 
in order to supplement the studies of clinical cases. These laboratory 
studies, in the main, supported the observations of Clark and Clark 
(1934), Grant (1930), and Grant and Bland (1931), previously referred 
to in this thesis. The presentation of a case of AVF’s and a case of 
hemihypertrophj' of undetermined origin involving the lower extremity 
demonstrates the value of infra-red photography as an aid in the differ- 
ential diagnosis of hemihypertrophy of the extremities. The oxygen 
content of the blood, the increased temperature of the skin of the in- 
volved extremity, the venous dilatation, and hypertrophy of the soft 

• issues established the diagnosis of arteriovenous fistulas. Arteriography 
did not aid either in establishing the diagnosis or in locating the site of 

• he fistulous communications in the case here reported. 

On the basis of these studies the following conclusions have been ar- 
rived at ; 

1. Till! in situ theory of vasculogcnesis is generally accepted as in 
keeping with observed facts. 

2. Our knowledge of the anatomy of the capillnric.s is inadequate. 
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pended on the composition of this medium. Alexis Carrel (quoted by 

owdry, 1928, vol. 1, p. 3) states that the quantitative and qualitative 
reactions of the tissues to the physical chemical conditions of the inter- 
organic medium are responsible for the harmonious growth of the body. 
The cell metabolism and morphologj’- depend on the quantitative and 
qualitcitivc characteristics of the humors. 

The short-circuiting of the circulation because of AVF’s has a tend- 
ency to produce a venous stasis in the peripheral portions of the extrem- 
ity involved, with a consequent lowering of the pH of the blood. The 
statement that there is an increase in blood supply can hardly be sup- 
poited by the evidence at hand and does not seem to be in accord witli 
the anatomic arrangement of the described anastomoses. 

The studies of Peters and others (1926) revealed, among other changes, 
a 1 eduction in the pH of the blood and the existence of relative acidity 
following upon venous stasis. Swindle (1935, p. 11) is also of the opin- 
ion that the reduction of the pH may be the most important factor in the 
stimulation of bone growth and soft tissue growtli in these eases. 

The observations on laboratory materials tended to confirm the ob- 
servations on living AVA’s in the rabbit’s ear made by Clark and Clark 
(1934) and of observations of Grant (1930) made on the same tissue in 
injected and living preparations. It should be pointed out that tlie 
morphology of AVA’s as described is varied and that not all varieties 
are found in eveiy tissue. For instance, funnel types are more frequent 
in the rabbit’s ear, while this was not the case in otlier tissues examined. 
Krogh (1929, p. 101) makes tlie criticism of the injection method that it 
does not lend itself to verification by a study of the structures of the 
vessels in question. In addition, he believes tliat single capillaries can 
easily become greatly dilated by injection under pressure and give the 
appearance of wide channels so that he thinks evidence of this kind is 
untrustworthy! Swindle (personal communication) believes that, with 
the method as used by him, this criticism is purely an academic one. 
Swindle believes that artifacts suggesting AVA’s may be seen in in- 
jected specimens because of compression of veins by arteries. He states 
that he has never seen inflated capillaries following the proper injection 
of. tissues except in cases where the blood vessels are hypertrophied. In 
the specimens injected and cleared by Swindle in which AVA’s were 
seen, the evidence of the nature of these structures seemed so clear as 
to leave little room for argument. 

The use of arteriography in the demonstration of AVF’s promises to 
aid considerably in the diagnosis and treatment of tJiis condition. In 
the case reported here the method did not enable us to localize the fistulas 
and it is probable, because of tlie nature of the congenital cominiuiica- 
tions, tlieir small size, and great numbers, that the method will he of 
limited usefulness.’ TJie possibility of this method being of value in the 
diagnosis of the existence of AVP s should he home in mind when 
lesions occur in the extremities. The use of arleriograpln- in the demon- 



RECENT ADVjVNCES IN SURGERY 


303 


Dandy, W. E.: Arteriovenous Aneurysm of the brain. Arch. Surg. 17: 190-243, 192S. 

— . 1935. The treatment of carotid cavernous arteriovenous aneurysms. Ann. 
Surg., Vol. 102, pp. 916-926. 

Dry, T. J., and Horton, B. T.: Spontaneous Closure of Traumatic Arteriovenous 
Fistula Involving the Eight Femoral Artery and Vein, Proc. Staff Meet., 
Jlayo Clin. 10: 661, 1935. 

Evans, Herbert M.: On the Earliest Blood Vessels in the Anterior Limb Buds of 
Birds and Their Eelation to the Primary Subclavian Artery, Am. J. Anat. 
9; 281-319, 1909. 

Grant, E. T. : Observations on Direct Communications Between Arteries and Veins 
in the Eabbit's Bar, Heart 15: 281-303, 1930. 

Grant, E. T., and Bland, E. P. : Observations on Arteriovenous' Anastomoses in 
Human Skin and in Bird’s Foot With Special Eeference to the Eeaction to 
Cold, Heart 15; 3S5-407, 1931. 

Gray, Henry: Anatomy. Descriptive and Surgical, Philadelphia and New York, 
1907, Lea & Pebiger, pp. 1600. 

Grosser, 0. : Heber arterio-venose anastomosen an den extremitatenenden beim 
menschen und den krallentragenden saugetieren. Arch. f. mikr. Anat. u. Entw. 
60: 191, 1902. 

Halpert, Bela: Arteriovenous Communications Between the Bight Coronary Artery 
and the Coronary Sinus, Heart 15: 129-133, 1930. 

Halsted, W. S. : Congenital Arteriovenous and Ljunphaticovenous Fistulae. Unique 
Clinical and Experimental Observations, Tr. Am. S. A. 37: 1919. 

Harris, Kenneth, and Wright, G. Payling: A Case of Haemangiectatic Hypertrophy 
of a Limb and Observations Upon Eate of Growth in the Presence of In- 
creased Blood Supply, Heart 15: 141-149, 1930. 

Harris, E. I.: The Effect of Lumbar Sympathectomy Upon the Growth of Legs 
Paralyzed by Anterior Poliomyelitis, J. Bone & Joint Surg. 18: 35-45, 1936. 

Harrison, T. E., Dock, W., and Holman, E.: Experimental Studies in Arteriovenous 
Fistulae; Cardiac Output, Heart 11; 337-341, 1924. 

Hcimherger, H.: Beitrage z. physiologic d. menschl. capillaren. Verhalten bei 
venoser stauung und arterieller drosselung. Ztschr. f. d. ges. expor. Med. 53: 
107-120, 1926. 

Hewlett, Arthur Walter: Pathological Physiology of Internal Diseases, ed. 3, New 
York and London, 1928, D. Appleton Century Company, Inc., pp. 720. 

His, W.: Lecithoblast und Angioblast der AVirbeltiere. Abhandl. der Mathematisch- 
physischen Klasse der Konigl, Sache Gcsellseh. d. Wissenschaften, Bd. 26. 

Holman, E. : Tlie Phj-siologj' of an Arteriovenous Fistula, Arch. Surg. 7: 64-82, 
1923. 


(o) Arteriovenous Aneurysm; Clinical Evidence Correlating Size of Fistula 
With Cliangcs in the Heart and Proximal Vessels, Ann. Surg. 80: 801-816, 
1924. 


• (h) Experimental Studies in Arteriovenous Fistulae. Blood Volume Variations, 

Arch. Surg. 9: S22-S36, 1924. 

Holman, E., and Kolls, A. C. : Experimental Studies in Arterio-Venous Fistulas. 

Pulse and Blood Pressure Variations, Arch. Surg. 9: 837-855, 1924. 

Hoover, C. F., and Beams, A. J. : The Diagnosis and Pathologic Physiology of 
Arteriovenous Aneurysm, Arch. Int. Med. 33: 1-22, 1924. 

Horton, B. T. : Hemibypertrophy of Extremities Associated With Congenital 
Arteriovenous Fistula. Collect. Papers Mayo Clin. 23: 650-667, 1931. 

' . Hcmihvpcrtrophv of Extremities Associated With Congenital Arteriovenous 
Fistula, J. A. M. A. 98: 373-377, 1932. 

• Some Medical Aspects of Congenital Arteriovenous Fistula. Report of Thirl v- 

Eight Cases, Proc. Staff Meet., Mayo Clin. 9 : 400-463, 1934. 

Horton, B. T., .and Ghormley, R. K. : (a) Congenital Arteriovenous Fi.stula In- 

volving the Common Femoral Artery Visualized by Arteriography ;ind Con- 
firmed at Surgie.al Exploration. Proc. Staff Meet. Mavo Clin. 10: 139-14'’ 
19.35. ■ 


~- (h) Congenital Artcriovonoii.' Fistulae of the Extremities Vi.snalized bv 

-■irtcriography. .''urg.. Gynec. &- Ob.st. CO: 97S-9S3, 19.35. 
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3. AVA’s exist in various tissues as physiologic structures. 

4. The function of physiologic AVA’s is not Imown. 

5. The rolatn-elj' rare occurrence of congenital arteriovenous fistulas 
IS noteworthy in view of the development of the blood vascular system. 

6. Infra-red photography is of definite value in the differential dia"- 
nosis of the cause of heinihj^pertrophy of the extremities and as an aid 
in the diagnosis of arteriovenous fistulas. 

7. The cause of the increase in length of bones and of hj^pertrophy of 
tissues in congenital AVA’s is not known. It is probably due to venous 
stasis and the resulting decrease in the pH of the blood. 
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glj'cemia is the rule and seems to be due to the presence in the blood of disin- 
tegrated albninin. Acidosis is constant and proportionate to the extensiveness of 
file burn. 

As regards the adrenalinemia, the autlior calls attention to the fact that there 
is a transient augmentation followed by a notable diminution due to the anatomic 
lesions of the organ. Budler and Meunier made studies of the content of the 
ascorbic acid and observed figures of 10 instead of 35, while the glutathione was 
zero. As regards the toxicity of the blood, the authors call attention to the 
studies of Vogt and Vaccarezza and the study of Kotzareff. The latter showed 
that the blood of previously burned patients may have an antitoxic property. 

The urine does not appear always to be changed as the author has seen dying 
patients with e.xtcnsive burns and a normal excretion of urine. He calls attention 
to the fact that if there exists urinary retention these patients will respond very 
well to diuretics. The polypeptids and the amino acids are increased. The author 
notes the presence of creatine in the urine and the presence of an abnormal increase 
of creatinine. Glycosuria is frequent. Like Goiffon, he was able to demonstrate 
the presence of sodium bicarbonate in the urine towards the third to the fourth day. 

Tlie pathogenesis is ex-plained b^- (he author as the following; The heat in 
attacking the tissue albumin produces a quantity of highly toxic proteins which are 
carried by the veins to the entire body. Tlie ipiantity is proportionate to the mass 
of tissue destroyed. Thus, the local lesion can become generalized because of the 
toxic substance produced in the involved area and carried to the remainder of the 
organism by the blood stream. Evidence of the breaking down of the albuminoids 
is the increase of toxic substances in the blood such as polypeptids and uric acid. 
This toxic stage lasts, in general, until the fourth to the sixth day. It ends in 
deatli or by gradual return to recovery. The mctliods of body defense are the 
following: (1) the liver destroys certain toxic substances such as the polypeptids by 
transforming them into urea; (2) the lungs e.vcrete amino acids; (3) a certain pro- 
portion of the toxic substances is eliminated in the urine; and (4) fixation of the 
blood chlorides. 

The real nature of the toxic substances is unknown. For the present it suffices 
that the toxic substances originate in the burned tissue derived from the cellular 
albumins belonging to a group of polypeptids. From the biologic studies of the 
author, the following prognostic criteria arc given; Increased nitrogen content of 
the blood with normal or slightly elevated polypeptids suggests a good prognosis. 
I'Ormal blood nitrogen with increased polypeptids suggests a bad prognosis. 
Elevated blood nitrogen with elevated polypeptids suggests :i doubtful prognosis. 

Mourgues-Mollnes, Jlontpellier: The Treatment of Kecent Extensive Cutaneous 
Burns— “The i<lea of preemineiicp of generai treatment over localized treatment 
•a the therapy of extensive burns is porhnp.s the most clTcctual progressive step in 
twenty years. ' ' 

I. The Gfncrol Treatment . — {'oinbating the toxemia. For pain the anthor rccom- 
tiiends morphine excejit in infants for whom codeine or ehloral i.s preferred. Heat 
fhonld be applied to tlie patient and .snb.sfanees should he given to combat the hypo- 
tensive oollap.se (author prefers ephedrine). To combat the increase of blood concen- 
tration due to the enonnoii.s lo.^.s of Ibiid in the region of the burned area resulting 
from an abnormal permeability of tlie capillaries, it i.s noco.s.sary to rc.sort to intr.a- 
veinms injection of i.sotonic saline (-1 to i.. per day appear siitficient). It is neces- 
sary to combat the liy|iocliloremia (in accord with the inve.stigations of Davidson) 
and the increase iii p(dypeptid.« of (lie blood by giving ]00 e.c. of hypertonic saline 
(10 per eeni) daily, Wood transfixion x often useful. The author prefers re- 
iwited .small transfusions of 2o(i to :i00 c.e. The pre.senec of toxic granulations of 
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OP SURGERY, OCT. 4-9, 1937, PARIS* 

Adolphe Jung, M.D., Strasbourg, Prance 

(From the Faculty of Medicine, Strashoiirg, France, and the Stirgical Clinic of 

Professor Send Leriche) 

jpiEEBE DUVAL (Paris), and Moiirgues-Molines (ATontpellier) : The Patho- 
logic Physiology and Treatment of Recent Extensive Cutaneous Bums. The 

authors refer to e.\-tensive burns as those belonging to tlie second and third degree 
groups, according to Dupu 3 'ti'en’s classification (vesicle formation and necrosis), 
involving at least one-tliird of the cutaneous surface, during the period of intoxica- 
tion betiveen the fourtli and tentli daj’S. 

Pierre Duval (in collaboration with J. C. Rudler): I. Physiopathology. — Tiic 
author calls attention first to the frightful mortality of extensive burns and to tlie 
fact that the seriousness of the burn varies in direet proportion with the calculated 
involvement of the body surface. He adopts for this calculation the table of 
Berkow. Tlie personal statistics of the author are based upon 10 observed cases in 
six months. Fifteen died, 00 per cent dying in the first six to twenty-four hours. 

II. The Clinical Picture. — This is described as essentially a period of excitation 
(agitation, mental disorientation, convulsions) followed by a period of somnolence 
which ends in coma (with myosis and Chejme-Stokes’ respiration) and deatli. Ema- 
ciation appearing on the fourth to the fifth day is a bad prognostic sign. The 
blood pressure is generally low and the pulse is very rapid. Urine is scant)’, although 
occasionally it is normal in quantity. The temperature is not infrequently low at the 
onset. On the third or the fourth day there sometimes appears a marked hyper- 
pyrexia wliicli the author explains by the particular action of the circulating toxins 
in the blood on the central thermal regulating center. 

in. Pathologic Anatomy.— The author describes in detail the classical nnatomico- 
/ pathologic lesions in the involved cutaneous areas and in the viscera. 

IV. Physiologic Chemistry.— The biologic reactions arc carefully reviewed by the 
author. The increase of blood concentration is indicated by increase in the red 
blood cell count, by an increase in the hemoglobin and the refractomctric index. 
The coagulation time seems to the author to be increased and the bleeding time is 
diminished. The author particularly studied the polypeptids. Charncteristicall) 
they were increased to double the normal (0.0250-0.02C0 gm. per liter of blood). 
This increase begins about the sixth hour and is in general proportionate to tlio 
extensiveness of the lesion. There are some exceptions to this rule as sometimes 
these findings were normal. The uric acid of the blood is regulnri) ini.re.i. e< • 

The blood chlorides, ns has been shown by Davidson, arc constantly low. This « 
accompanied by a low chloride content of the urine and is due to the fact 
chlorides are fixed in the br.ain tissue as well as in the una/Tectcil tissne.s (in nc , 
the chlorides of the healthy skin of the burned patient are equally incrca.'od). H.vper 

•Tr.an 3 lat 0 (! by Atlcbncl UoB.akcy. M.D.. from tbc Rcpartnicnt of SurKcry. Scliool 
of Medicine. Tuinne University of iMUlsIana. Nciv Orlcnns, Ln. 

Kocelvoil for public.ation. Decembfr Jl, 1937. 

300 


REVIEW OF RECSENT MEETINGS 


307 


glycemia is the rule and seems to be due to the presence in the blood of disin- 
tegrated albumin. Acidosis is constant and proportionate to the extensiveness of 
the bum. 

As regards the adrenalinemia, the author calls attention to the fact that there 
is a transient augmentation followed by a notable diminution due to the anatomic 
lesions of the organ. Eudler and lleunier made studies of the content of the 
ascorbic acid and observed figures of 10 instead of .15, while the glutathione was 
zero. As regards the toxicity of the blood, tlie authors call attention to the 
studies of Vogt and A’'accarezza and the study of Kotzareff. The latter showed 
that the blood of previously burned patients may have an antitoxic property. 

The urine does not appear always to he changed as the author has seen dying 
patients with extensive burns and a normal excretion of urine. He calls attention 
to the fact that if there exists urinary retention these patients will respond verj’ 
well to diuretics. The polypeptids and the amino acids are increased. The author 
notes the presence of creatine in the urine and the presence of an abnormal increase 
of creatinine. Glycosuria is frequent. Like Goiffon, he was able to demonstrate 
the presence of sodium bicarbonate in the urine towards the third to the fourth day. 

The pathogenesis is explained by the author as the following: The heat in 
attacking the tissue albumin produces a quantity of highly toxic proteins which are 
carried bj’ the veins to the entire body. The quantity is proportionate to the mass 
of tissue destroyed. Thus, the local lesion can become generalized because of the 
to.xic substance produced in the involved area and carried to the remainder of the 
organism by the blood stream. Evidence of the breaking down of the albuminoids 
>s the increase of toxic substances in the blood such as polypeptids and uric acid. 
This toxic stage lasts, in general, until the fourth to the sixth day. It ends in 
death or by gradual return to recovery. The methods of body defense are the 
following: (1) the liver destroys certain toxic substances such as the polypeptids by 
transforming them into urea; (2) the lungs excrete amino acids; (3) a certain pro- 
portion of the toxic substances is eliminated in the urine; and (4) fixation of the 
blood chlorides. 

The real nature of the toxic substances is unknown. For the present it sufQces 
that the toxic substances originate in the burned tissue derived from the cellular 
albumins belonging to a group of polypeptids. From tbe biologic studies of the 
author, the following prognostic, criteria arc given: Increased nitrogen content of 
the blood with normal or slightly elevated polypeptids suggests a good prognosis, 
formal blood nitrogen with increased polj'peptids suggests a bad prognosis. 
Elevated blood nitrogen with elevatwl polypeptids suggests a doubtful prognosis. 

Mourgues-Mollnes, Montpellier: The Treatment of Kecent Extensive Cutaneous 
Bums.— “The idea of preeminence of general treatment over localized treatment 
m the therapy of extensive burns is perhaps the most ellcctual progressive step in 
twenty years.” 

I. The General Treatment. — Coinb.ating the toxemia. For pain the author recom- 
mends morphine e.xcept in infants for whom codeine or chloral is preferred. Heat 
should be applied to the jiatient and subst.ances should be given to combat the hypo- 
lensive collapse (author prefers ephedrine). To condjat the increase of blood concen- 
Iration due to tbe enornious loss of fluid in the region of the burned area resulting 
from an abnormal permeability of the capillaries, it is necessary to resort to intra- 
venoiis infection of isotonic saline t-l to .'i L. per day apjiear .siifllcient). It is neccs- 
s'an- to combat tbe liypocldoremia (in accord with the investigations of Davidson) 
uml tbe increase in prdypcptids of the blood by giving KJO c.e. of hypertonic saline 
(10 per cent) daily. BIoimI transfusion is often useful. The tiut'hor prefers re- 
I“-ated small tninsfusions of 200 to .300 o.c. The presence of toxic granulations of 



Review of Recent Meetings 


REVIEW OF THE FOETY-SIXTH FRENCH CONGRESS 
OF SURGERY, OCT. 4-9, 1937, PARIS'" 

Adolphe Jujcg, M.D., Stkasbourg, France 

fFrom the t'amlty of Ue^icine, Strasbourg, Prance, and the Surgical Clinic of 

Professor Pene Peridhc) 

piEEEE DUVAL (Paris), and Mourgues-Molines (MontpeUier) ; The Patho- 
JogJc Physiology and Treatment of Recent Extensive Cutaneous Bums. — The 
authors refer to extensive burns as those belonging to the second and tJiird degree 
groups, according to Dupu;-tren’s dassification (vesicle formation and necrosis), 
involving at least one-third of the cutaneous surface, during the period of intoxica- 
tion between the fourth and tenth dajs, 

Pierre Duval (in collaboration wdfh J. C. Eudler): I. Fhvsiopathologg.—Pho 
author calls attention first to the frightful mortality of extensive burns and to tlie 
fact that the seriousness of the burn varies in direct proportion with the calculated 
involvement of the body surface. He adopts for tliis calculation tlio table of 
Berkow. The personal statistics of the author are based upon 1C observed cases in 
six months. Fifteen died, CO per cent dying in tlie first si.x to twenty-four hour.s. 

IT. The Clinical Picture. — This is described as essentially a period of excitation 
(agitation, mental disorientation, convulsions) followed by a period of somnolence 
which ends in coma (with myosis and Clieyne-Stokcs’ respiration) and death. Ema- 
ciation appearing on the fourth to the fifth day is a bad prognostic sign. The 
blood pressure is generally low and the pulse is very rapid. Urine is sc.anty, although 
occasionally it is normal in quantity. The temperature is not infrequently low at the 
onset. On the third or the fourth day there sometimes appears a marked hyper- 
pyrexia which the author explains by the particular action of the circulating toxins 
in the blood on the central thermal regulating center. 

m. Pathologic Anatomy. — The author describes in detail tlic classical anatomieo- 
i pathologic lesions in the involved cutaneous areas and in the viscera. 

rv. Physiologic Chemistry. —The biologic reactions are carefully reviewed by tlie 
author. The increase of blood concentration is indicated by increase in the red 
blood cell count, by an increase in the hemoglobin and the refractometne index. 
The coagulation time seems to flie author to be increased and tlie bleeding time is 
diminished. The author particularly studied the polypeptids. Charactcnshcally 
they Tverc increased to double the normal (0.0250-0.0260 gm. per liter of h oo ). 
This increase begins about the sixth hour and is in genera! proportionate to t ic 
extensiveness of tlio lesion. Tliere arc some exceptions to this rule .is -omctime 
these findings were normal. Tlie uric acid of the blood is regularlj imwra-ci . 

The blood chlorides, as has been shown by Davidson, are constantly low. 
accompanied by a low chloride content of the urine and is due to tlie fact 
chlorides are fixed in the br.nin tissue as w-cll as in the unaiTecte.d tissues (in ac , 
tho chlorides of the healthy skin of the burned patient nre equally increased), .'pcr 

•Tran.slnted liv MIcliael DeB.rkey. xr.D., from tlic Departnient of .Surpory, .Scliool 
of Medicine, Tulilne University of l.oiilslnn.-i. New Orlenn.i, I..a. 

Jteceivcd for pjjblic.-jtlon, lloeernber 31, 1537. 
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J. dePounnestraux (Chartres) reported on burns of aviators. These patients 
die of bronchopneumonia or of pulmonary gangrene resulting from the gas due to 
the burning of gasoline. He reported a case in which he noted an absence of 
oliguria. 

Hamant (Nancy) and Grimant (Algrange) reported on their interesting ob- 
servations in which they resorted to the immediate excision of the burned region. 

Yves Bourde and Roger Gary reported on 25 cases of burns which they stndied. 
They called attention to some cases of burns in children who have presented a 
sjndromc very similar to the syndrome of hyperpyrexia of nutrition. They advo- 
cated in these instances the use of cold applications. In the infected cases they 
resort to mercurochrome. 

P. lombard and Montpellier (Algeria) reported on the histologic findings of 
two interesting observations. In the first case a child of seven years of age liaving 
a burn occupying more than 50 per cent of the body surface died twenty-seven 
hours after the accident. Histologic examination disclosed only lesions of the 
tubules of the kidney. On the other hand, in the second case, which was a child of 
twelve years of age having a normal blood nitrogen, they noted a characteristic 
glomerulo-nephritis. They also noted degenerative lesions of tlie liver. 

Paul Piollet and H. Limousin (Clermont-Ferrand) have employed vitamin A. 
which they believe diminishes the toxicity and favors cicatrization. In some cases 
they first applied mercurochrome and then compresses of cod liver oil. 

Yves-Delagenlere (Le Mans). These authors still employ alcohol dressings 
W'hich Was taught them by their former chief, Lecene, and whicli tliey employ under 
ancstliesia of ethylene chloride. They call attention to the fact that the practicing 
physician, nurses, attendants, etc., should be instructed against the immediate appli- 
cation of oil or grease in cases of burns. The manuals of first aid should be cor- 
rected in this regard and advocate dry sterile dressings as the best immediate form 
of therapy before sending the patient to the surgical service. 

Chevallier and Carcassonne (JIarseilles) reported very favorable results with the 
use of vitamin A. They believe that it favors cicatrization and elasticity of the 
scar, which they- believe is important, especi.illy in the region of the articulations. 

J- Piolle and T. Punck-Brentano: Arterial Emboli of the Extremities — Physio- 
logic Pathology and. Treatment. 

J- Piolle: The Physiological Pathology of the Arterial Emboli of the Extremi- 
ties. — After liaving rendered respect to the work of Ren6 Loriche, the author then 
discu.ssed “lost” (manquee) emboli and “occult” emboli. The “lost” (manqued) 
emboli are those which, after having a sudden and dramatic onset, go on toward 
recovery without having provoked gangrene. The “occult” emboli arc those which 
are not suggestorl by any signs indicative of omholus. I'lic.se types are of interest, 
because tiiny may indicate a possible mechanism of defense. 

The author referred to tlic possible origin of emboli (thrombi originating from 
the heart or aneurysm, atheromatous plaques detached from an arterial wall). Tlie 
author with his student, Ilaimovici, found that septic emboli play a most important 
role in coagulation. Wlioroas in 10 experimental a.septic cniholi tlicrc was no im- 
portant thromho.sis e.xccpt a clot of 2 or .1 cm., of 7 septic emboli in the do" 
tlicro was c.vtcnsivo thrombosis extending towards the periphery from the point of 

nhstriictioiu 

The parietal lesion in the region of the embolus involves the intiiiia (epithelial 
'le.^quamation), very little of the nicdm, but especially the adventitia (active endo- 
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rasal indicates the practicability of transfusions. The usefulness of convalescent 
serum is not established. The author refers to the good results obtained by tVilson 
bj the administration of large doses of suprarenal cortex extract. 

ir. The Local Treatment.— The author makes a detailed study of this. A careful 
disinfection of the wound should be done first as was indicated by jSTageotte-Wil- 
bouchewitch in 1S93. The author refers in detail to tlie different methods utilized 
in combating the intoxication, such as e.xcision (which the American authors desig- 
nate under the term “debridement” which is actuallj- incorrect), or tlie nicthod of 
continuous baths of Hebra (Wasserbett), or the method of desiccation of the 
burned surface by the exposure to free air. He considers the tannic acid method 
of Davidson as the best. He reports in detail the historj-, the technique, and the 
excellent result. As successors of tannic acid, he mentions silver nitrate, perchloride 
of iron, gentian violet, mercurochrome, and brilliant green. 

The author states that the following methods are advocated to stimulate cica- 
trization after the removal of the tannate crust: wet compresses of Dakin’s solu- 
tion, local application of co<l liver oil, and ultraviolet rays. Di conclusion the 
author proposes tannic acid as the most rational typo of treatment, o.vcept in bunis 
of the face which heal very well by simple exposure to air. 

Discussicm . — McClure (Detroit), by invitation of the Congress, showed a beautiful 
film from the Henry Ford Hospital demonstrating the manner in which the tannic 
acid treatment is practiced there. Some patients with 55 per cent of the body sur- 
face burned have recovered. 


Eiehl (Vienna), invited by the Congress, stated that he treated burns with 
transfusions without tannic acid. Sixty per cent of the burned cases recovered. 
After a discussion on the morphologic modifications of the blood, ho spoke on the 
treatment by continuous baths (Wasserbett) originated by Hebra, Vienna, which 
had certain advantages, particularly the preservation of articular mobility. 

Wilson (Edinburgh), invited by the Congress, stre.s.sed the uscfnlne.s.s of cortin 
to combat the toxemia. 


Von Seemen (Munich), invited by the Congress, suggested the use of the electro- 
surgical unit in the burned region for its mechanical cleansing elfect, and added 
that after clinical and experimental investigations he noted a marked diminution 
of the absorption of toxic products. 


Mario Donatl (Milan) reported particularly on the mass of circulating blood 
which he found to be modified. He obsen-ed a progressive and proportional diminu- 
tion of the plasma. There is also a reduction of the number of formed elements 
of the blood. Whereas the quantity of circulating red blood cells returned to normal, 
the oligocytosis persisted. The loss of plasma is produced when the blood traverses 
the burned region. These facts are of extreme importance, according to the author, 
in the early Lge. He states finally that tannic acid is not antiseptic and thi.s 
has led him to use certain modified solutions. 


L. Christopbe (Lihge) interpreted the diminution of blood eliloride.s a.s due to an 
escape from the hlootl stream into the tissues. 

Dziemhowski (Bydgoszcz) reported on the treatment of l)iirns In tlio o n I 
plication of vitamins. 

E. leriche (.Strasbourg) called attention to the nsc of .ilerilc slieet.s. He con 
siders tannic ncid .as the best treatment, but not in all casc.s, and .«inee 1020 he Ms 
employed mercurochrome in infnnt.s .anil in burns about the fare. Mrrciimrhrtmir 
is especially recommended for infortcil bum... 
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J. deFounnestraux (Chartres) reported on burns of aviators. These patients 
die of bronchopneumonia or of pulmonary gangrene resulting from the gas due to 
the burning of gasoline. He reported a case in which he noted an absence of 
oliguria. 

Hamant (Nancy) and Grimant (Algrange) reported on their interesting ob- 
servations in which they resorted to the immediate excision of the burned region. 

Yves Bourde and Roger Gary reported on 25 cases of burns which they studied. 
They called attention to some cases of burns in children who have presented a 
syndrome very similar to the syndrome of hyperpyrexia of nutrition. They advo- 
cated in these instances the use of cold applications. In the infected cases they 
resort to mercurochrome. 

F. Lombard and Montpellier (Algeria) reported on the histologic findings of 
two interesting observations. In the first case a child of seven years of age having 
a burn occupying more than 50 per cent of the body surface died twenty-seven 
hours after the accident. Histologic examination disclosed only lesions of the 
tubules of the kidney. On the other hand, in tlie second case, which was a child of 
twelve years of age having a normal blood nitrogen, they noted a characteristic 
glomerulo-nephritis. They also noted degenerative lesions of the liver. 

Paul Plollet and H. Limousin (Clermont-Ferrand) have employed vitamin A. 
Finch they believe diminishes the toxicity and favors cicatrization. In some cases 
they’ first applied mercurochrome and then compresses of cod liver oil. 

Yves-Delagenlere (Le Mans). Those authors still employ alcohol dressings 
Finch was taught them by their former chief, Lecene, and which they employ under 
anesthesia of ethylene chloride. They call attention to tho fact that the practicing 
physician, nurses, attendants, etc., should be instructed against the immediate appli- 
cation of oil or grease in cases of burns. The manuals of first aid should be cor- 
rected in this regard and advocate dry sterile dressings as tho best immediate form 
of therapy before sending the patient to the surgical service. 

Chevallier and Carcassonne (Marseilles) reported very favorable results with tho 
use of vitamin A. They believe that it favors cicatrization and elasticity of the 
scar, which they believe is important, especially in the region of the articulations. 

•f. Piolle and T. Funck-Brentano: Arterial Emboli of the Extremities — ^Physio- 
logic Pathology and Treatment. 

J. Piolle: The Physiological Pathology of the Arterial Emboli of the Extremi- 
ties.— After having rendered respect to the work of Rene Leriche, the author then 
'liscusscd “lost” (manqude) emboli and “occult” emboli. Tho “lost” (manqued) 
emboli are those which, after having a sudden and dramatic onset, go on toward 
recovery witliout having provoked gangrene. The “occult” emboli are those which 
ore not suggested by any .sign.s indicative of embolus. These types are of interest, 
hecauso they may indicate a possible mechanism of defense. 

The author referred to the possible origin of emboli (thrombi originating from 
•he heart or aneurysm, atheromatous plaques detached from an arterial wall). The 
author with his student, Ilaimovici, found that septic emboli play a most important 
rdlc in coagulation. Whereas in 10 experimental aseptic emboli there w.as no im- 
portant thrombosis except a clot of 2 or 3 cm., of 7 septic emboli in tho dog 
•hero was extensive thrombosis extending towards the periphery from tho point of 
obstruct inn. 

Tho parietal lesion in the region of the embolu.s involves the intima (epithelial 
'Icsqunmalion), very little of tho media, but c.si)ecially tho adventitia (active endo- 
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the«al capillary- reaction and consideraMe polynaclear infiltration). Tficse lesions 
of arteritis are early and progressive and after the twelfth hour render embolcctoar 
and suture of the arterial wall unlikely to be successful. 

The most important factor in the pathologic physiology of emboU is the vasomotor 
reaction. Haimovici in lijs e.vperiniental investigations introduced into a vessel 
a small dilatable balloon wliicli consisted of a segment of the jugular vein, having 
one e^remity closed and the other extremity connected to a tube through which a 
variable quantity of fluid could ho injected to inflate the balloon. He observed that 
there was no vasomotor reaction if the obliteration was incomplete, nor if the 
balloon was slowly dil.ated to produce complete obliteration. On the other hand, 
sudden complete distention produced a marked vasomotor reaction. These vasomotor 
reactions consisted of a spasm in the region of the obstruction in the artery. Tlicre 
13 always spasm in the obliterated segment and in the distal branches of this 
segment in the arterioles and even the capillaries. This spasm could extend over 
to the collateral vessels and make itself manifest in the neighboring vessels even 
at a distance. Tlie autlior calls this “.arterial colic” and refers to the pain 
accompanying the vasoconstriction of the segment as such. 


The pathway followed by the vasomotor reflexes passes by the u-ay of the 
perivascular plexus which Tjcriclio has pointed out and by tbe mixed nerves (Mtilmcjne 
and Haimovici). Tlie origin of the reflex is perhajis in the endothelium, but it also 
may be in tive adventitia. The author noted that some extensive thrombi could 
become enormous and completely out of proportion to tlie original embolus. The 
mechanism of this formation consists of lowering of tlio blood pressure distal to 
the embolus and stagnation of blood. 

The collateral circulation may bo formed by the long arterial anastomosis or by 
the numerous intermuscular branches. Following the occurrence of the embolus 
the collateral supply may be developed with some difliculty. Tlie author calls 
attention to the fact that the dangerous zones arc the bifurcations and in the 
zones where there is a juxtaposition of muscles with divergent insertions (Lericho). 

■ The first period which follows the embolus is that of initial shock and is dom- 
inated by file vasomotor reaction (spasm). If tho embolus is not too largo or 
too infected, the spasm ceases. The collaterals enter into play and tho embolus 
becomes a “lost” embolus. However, most cases enter into tho second period, 
which consists of parietal alterations and extensive thrombosis. The deeper arterial 
lesion is followed by a periarteritis (Lcrichc). The third period is that of compli- 
cations and is dangerous because cicatrization does not mean recovery. 


T. Funck-Brentano: The Treatment of Arterial EmboU of tlie Extremities. — 
Having recalled the work of Professor Bene Lcrichc, which is of prime importance 
in the riitional treatment of emboli, the author divides the therapy into two groups. 
First, the anatomic method directed toward tho embolus; second, the pliysiologic 
pathogenic method directed toward the sympathetics of the arteries. Theso two 
methods must not oppose each other, but they should bo complementary. 

■ The author first discussed the anatomic basis of the surgical treatment of arterial 
emboli. From experimental, clinical, and bactcriologic investigations it appears 
that in contact mth the clot there is produced an endarteritis. Tho time of appc.ar- 
•ance of this endarteritis is v.iriable. If the clot is large or septic, it appears cur y. 
Tin’s docs hot occur if the embolus is aseptic, if tho obliteration is not complc c, 
or if the collateral is immediately developed sufficiently. As a gcncrai 
embolus is caused by a septic cardiac lesion, tho time of appc.aranco of the endnrtcri- 

is about ten Jiours. • v i 

Tlie author next cliscussccl the diafirnosis of arterial emhoU. There js marKei 
pain u'Jncli is very intense and localized in the involved area, but «iiich fna\ 
diffuse and involve the entire extrendty, nds pain 3s due. to (lie irritation of the 
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periarterial synipatlietics by distention of the vessels (Leriche). The suddenness 
of the appearance of these signs is not constant and in a large proportion of cases 
the beginning is progressive. There is also pallor and coldness of the skin and a 
disappearance of skin sensitivity. The pulse is not perceptible and the reflexes are 
absent. 

In the differential diagnosis phlebitis and arteritis must be considered. It should 
be recalled that phlebitis can produce the syndrome of arterial ischemia by an 
arterial spasm. 

The differentiation between embolus and thrombosis of the arterj' by arteritis 
is also important (Einar Kej'). The presence of infection or intoxication is in 
favor of thrombosis. The presence of a cardiac lesion is in favor of embolus. In 
the case of embolus the oscillometer of Pachon shows an increased arterial pulsation 
above the obliteration and a diminution immediately below. On the other hand, 
in the case of thrombosis the diminution of oscillations is progressive. One can 
differentiate the embolus from arterial thrombus by the use of warm baths and 
by the use of vasodilators such as acetylcholine. 

The diagnosis of the embolic attack is of verj' great importance. All of the 
authors are in accord in insisting on the frequency of the localization of the embolus 
nt the points of bifurcation. Certain clinical observations such as the attack of 
pain, the thermal modifications, the signs of ischemia, and the pulse permit the local- 
ization of the embolus to a certain degree. But the most exact and useful method 
for the localization of the embolus is the arteriogram, which demonstrates precisely 
where one must intervene, indicates the number of emboli, and offers some informa- 
tion of the degree of collateral circulation. 

In the absence of any therapeutic measures in cases of arterial emboli gangrene 
lias been observed in 73 per cent of the cases if the sub.iect is more than sixty 
years of age, and in 32 per cent of the cases if the subject is less than sixty years 
of age. There are some emboli that heal spontaneously. In other cases healing 
is incomplete, but usually gangrene develops. 

As regards the therapeutic methods, the author begins by a discussion of the 
methods which attack the embolus. Embolectomy was successfully practiced for the 
first time in 1911 by the French surgeon, Georges Labcy, but the Scandinavian 
surgeon, Einar Key, has been the leading pioneer of this form of therapy. This 
author published in 1923 the results of 36 cmbolectomics with 16 successful results. 
According to the present author the number of cmbolectomics publishcji is 404. 
Of lOS observations published since July, 1932, the percentage of successful re- 
sults on patients operated upon before the tenth hour was 70. Tlie author discusses 
in detail the technique of embolectomy and insists upon the necessity of uncovering 
a large portion of the artery, of strict a.'cpsi.s, and of cmifloying an anticoagulant 
material (he prefers 2 per cent citrate .solution). 

The technique of embolectomy was discussed in considering the larger arterial 
trunks, .such as the subclavian which can be expn.sed best in the hollow of the 
axilla, and the bifurcation of the aorta or the primaiy iliacs, which can be ap- 
proached by the transporitoneal, retroperitoneal, or femor.al route (Einar Key), 
and finally by the eonibineil femoral and retroperitoneal routes. 

Embolectomy is considered successful only if the permeability- of the principal 
arterial trunk is reestablished. .Vbsence of necrosis of the extremity is not sufficient. 
There must be reappearance of the arterial pulse. One of the arguments given 
I’.v numerous authors against embolectomy is secondary thrombosis at the line of 
the .suture. Actually, after embolectomy the thrombus is not the result of the 
aiethod but the manner in which it is done. The thrombus is not the result of 
arteriotomy but of the preexisting endarteritis. 
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The mortality in general is snfflciently high. The author cites tho work of 
Pearse -vTludi is based upon 296 embolcetomies of irliich 52 per cent died Jess than 
a month after the operation. The late deatlis are the result of tlie original lesion 
(chronic myocarditis, embolus, or cerebral liemorrhage, etc.). 

A study of the results according to tho age of the subject shows that an ad- 
vanced age IS not a contraindication to embolectomy and tJiat a young ago is not 
always a factor of good prognosis. As regards the arteries involved, tho results 
are clearly better in_ interventions on tho upper c.vtrcmity than in those of the 
lower extremity, and in interventions on the sitperheiai arteries than in those of the 
deeper arteries. 

The time of the operation plays the principal r61e in the prognosis. Tlie earlier 
the intervention after the occurrence of the embolus, tho less is secondary thrombosis 
likely to occur. Beports on the statistics of the author (1932-2037) on lOS cases is 
in accord with the statistics of Key, of Pearse, and of Uansis. In those cases in 
which operation was performed within ton hours after tho occurrence of the em- 
bolus, there were 70 per cent successful results. After the tenth hour on 26 cases 
there were only G good results. 

The author concludes that if the procedure is applied in those cases in which 
it is definitely indicated embolectomy presents more advantages than disadvantages, 
and that in the future tho successful results can be increased by the use of arteri- 
ography to localize precisely the site of the embolus and by adding a complementary 
procedure (sympathectomy or paravertebral novocaine infiltration of the sympa- 
thetica) . 

The author then discussed arforiectomy. This operation is based upon the knowl- 
edge of the physiopathologj’ of the obliterated artery and the investigations of 
Eenfi Leriche. The procedure suppresses an irritative focus which obviates peripheral 
vasoconstriction. 

The author discusses the technique of artcriectomy before and after embolectomy 
and concludes that it is preferable to do first ablation of tlie embolus and following 
this resection of the artery in the zone where tho endothelium is involved. 

In studying the indications for artcriectomy and for embolectomy, the author 


comes to tho following conclusions: Before the tenth hour it is always necessary to 
do embolectomy; after tho tenth hour artcriectomy is indicated, lie advises ex- 
ploratory arteriotomy in the late cases approaching tho tenth hour. On tho otlicr 
hand, when it is later than this, ho advocates artcriectomy without previously open- 
ing the artery. Furthermore, arteriectoniy is indicated if tlie patient is very weak 
and incapable of withstanding a long intervention, such ns embolectomy on one of 
the larger vessels, and if tlie embolectomy has failed in the instance where extirpa- 
tion of the clot is impossible or where there is secondary thrombosis. 

The intervention of the sympntbctics consists of novocaine block or nbhition of 
the communienting rami or the ganglia. For tho lower extremities ho advises the 
extirpation of the second, third, and fourth lumbar ganglia wliich gives the most 
intense vnsodilatory action. For the upper extremity he advocates novocaine infiltra- 
tion of tlie stellate ganglion, as described by Leriche. 

Venous ligation has been advocated in the case of arterial oblitcr.ation by von 
Oppel who showed, in 3910, that it can produce an increase in the blood supp > 
after ligation of tho corresponding artery. In the light of the work n u i 
discussed it is not considered an advisable procedure. i n. 

Tiic author discussed in detail the pimryraicodynamic treatment. Ho particular 
studied the antispnsmodic action of papaverine and the vasodilaWry ac lon 
acetylcholine and of other sympatliicolytic drugs (Yohimbine). Be .“tatod a. 
that certain cardiac drugs arc useful in relieving the periphcr.il circulation. 'U 
in general the medical treatment must simply bo an aid to the surgical. 
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Finally the author discussed passive vascular exercise used particularly in the 
United States. The method has not escaped considerable criticism, and as yet the 
number of observations published limits its evaluation. 

Discussion . — Jean Dedrna (Hradec ICralove) discussed the role of the lumbar 
sympathctics in the treatment of arterial cmbolectomy of the lower extremity. 

r. Albert (Liege) .stated that he always used infiltration of the lumbar syra- 
pathetics and vasodilatory drugs. As a result of his studies on the origin of 
peripheral vasoconstriction, he believes that venous ligation is indicated in certain 
types of cases. 

Reynaldo dos Santos (Lisbon) discussed three points: (1) The importance of 
the extensivcncs.s of spasm, lie cited a ca.se with endocarditis and gangrene of the 
nose and possible gangrene of the ears in which he noticed a marhed cyanosis of 
the extremities which was suggestive of emboli of cardiac origin. Novocaine 
inliltration of the stellate on both sides immediately resulted in improvement. 
Later, autojisy confirmed the fact that there was no embolus and that the vascular 
di.sturbanco was uuifiuoly of spastic origin. In each typo of case infiltration of the 
sympatliclics with novocaine is extremely important. (2) Arteriography cannot 
show all of the arterial lesions, lie has observed .an extensive nodular syphilitic 
periarteritis which clinically had simulated embolus in a case in which the nrterio- 
grain was normal. Furthermore, by making two exposures with a slight interval 
between, each arteriography can show not only the proximal but also the distal 
limits of the obliterated artery. (3) As regards treatment he 1ms a tendency to 
revert to the use of venous graft which he believes has the immediate advantage of 
counteracting the drop in jwessurc in the distal segment. He has been able to 
demonstrate persistence of circulation in the graft several months later by artorio- 
graphic oxamiiintion. Ho believes that the graft is particularly indicated in the 
cases where the parietal lesion cannot be affected by simple embolcctomy. 


Rend Lerlche (Strasbourg). Clinical observation, arteriography, and par- 
ticularly tlie initial pain clearly indicate that much of the disturbance is due to 
the endothelial lesion, while sonic is due to the adventitia. On the basis of clinical 
invesligntimis and in variance with the views of English and American authors, as 
well as Malinejae and Haimoviei, he contended that there exists a certain nervous 
combietiiiu along the artery. 

As regards the diagnosis, he believes that it i.s impossible to distingui.sh embolus 
from thrombus. The clinienl signs and the siiddenne.ss of the symptoms are insuf- 
iieient to eslublisli embolns. Furthermore, he does not helicvc tiiat arteriography 
oan nbsohiti-ly make the diagnosis. The most important diagnostic aid is to keep 
it constantly in mind. With the full roalixatioii of the frequency and importance 
of arterial spasm, I.eriehe cautions the surgeon not to make this diagnosis too 
eagerly, but to examine carefully for its presence. 

.\s regards treatment he states that cmliolei'tomy aiiled hy previous novocaine 
iiifiltratimi of the sympathctics is the ideal method. In the surgical treatment he 
states that it is important to visualize the artery. .\t one time he tried perfomiilio 
grafts after excision of the obliterated arterial .'•egnient. In his experience this 
has not boon succ(->«ful. But he believes that it is indicate-] today, because the 
patients are sci-n earli-'r. as dos .Santos has noted. 


Lenebo t.cticvcs ibat one can res.vt all of the arteries of (he extremities except 
l!,e aorta and tiie innominates. However, one should he o.areful in the resection 
of the bifurcation of the iuimond artery and the origin of the iihioperoneal trunk 
Tl.e artel, cctomu's nhlcli give least cUnical lesnlts are those of the smaller vessels' 
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The nior ahty m gcueral is suflicientlv Ingh. The author cites the work of 
Pearse which is based upon 296 embolectomies of which 52 per cent died less tliaa 
a month after the operation. The late deaths are the result of the original lesion 
(chrome myocarditis, embolus, or cerebral hemorrhage, etc.). 

A study of the results according to the age of the subject shows that an ad- 
vanced age IS not a contraindication to emboketomy and that a roun- a-o is not 
always a factor of good prognosis. As regards the arteries inv’olved, tlm results 
are clearly better in interventions on the upper e.vtremity than in those of the 
lower extremity, and in interventions on the superficial arteries than in those of the 
deeper arteries. 

The time of the operation plays the principal role in the prognosis. The earlier 
the intervention after the occurrence of the embolus, the less is secondary thrombosis 
likely to occur. Reports on the statistics of the author (1932-1937) on lOS cases is 
in accord with the statistics of Key, of Pearse, and of Danzis. In those cases in 
which operation was performed within ten hours after the occurrence of the em- 
bolus, there were 70 per cent successful results. After the tenth hour on 26 cases 
there were only 6 good results. 

The author concludes that if the procedure is applied in those cases in which 
it is definitely indicated embolectomy presents more advantages than disadvantages, 
and that in the future the successful results can bo increased by the use of arteri- 
ography to localize precisely the site of the embolus and by adding a complcmcntarj' 
procedure (sympathectomy or paravertebral novocaine infiltration of the sympa- 
thetics). 

The author then discussed arteriectomy. This operation is based upon the knowl- 
edge of the physiopathologj- of the obliterated artery .and tho investigations of 
Een4 Leriche. The procedure suppresses .an irritative focus which obviates peripheral 
vasoconstriction. 

The author discusses the technique of arteriectomy before and after embolectomy 
and concludes that it is preferable to do first .ablation of the embolus and following 
this resection of the artery in the zone where tho endothelium is involved. 


In studying the indications for arteriectomy and for embolectomy, the a\ilhor 
comes to the following conclusions : Before the tenth hour it is always necessary to 
do embolectomy; after the tenth lionr arteriectomy is indicated. He advises ex- 
ploratory arteriotomy in the late cases approaching 1lie tenth hour. On the other 
hand, when it is later than this, he advocates arteriectomy without previously open- 
ing the artery. Furthermore, arteriectomy is indicated if the patient is very weak 
and incapable of withstanding a long intervention, such ns embolectomy on one of 
the larger vessels, and if the embolectomy has failed in the instance where c.vtirpa- 
tion of the clot is impossible or wliere there is secondary thrombosis. 

The intervention of the sj-mpathetics consists of novocaine block or ablation of 
tho communicating rami or the ganglia. For the lower c.vtrcmitics ho advises tl.e 
extirpation of the second, third, and fourth lumbar ganglia which gives tl|e most 
intense vasodilatory action. For the upper extremity he advocates novocaine mfiltra- 
fion of the stellate ganglion, .as described by Leriche. 

Venous ligation has been advocated in the case of arterial oblUcration by von 
Oppel who sliowed, in 1910, that it can produce an increase in tho blood supplj 
after ligation of tho corresponding artery. In flie light of the work w iic i le 
discussed it is not considered nn advisable procedure. 

The author discussed in detail the pharynucoHyTinmic. treatment. 3Io particu nr} 
studied the antispasmodic action of papaverine nnd the vasodilator} action o 
acetvlchoJine and of other s}*inp.nthicoIvtic dnigs (yohimbine). He statcf n so 
that certain cardiac -drug's are useful in reliorinf^ the periphend circulation. Hut 
in general the medical treatment must simply he nn aid to the surgical. 
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Finally tlie author discussed passive vascular exercise used particularly in the 
United States. The method has not escaped considerable criticism, and as yet the 
number of observations published limits its evaluation. 

Discussion. — Jean Dedma (Hradec Kralove) discussed the role of the lumbar 
sympathctics in the treatment of arterial embolectomy of the lover extremity. 

F. Albert (Liege) stated that he always used infiltration of the lumbar sym- 
jiathetics and vasodilatory drugs. As a result of his studies on the origin of 
peripheral vasoconstriction, ho believes that venous ligation is indicated in certain 
types of cases. 

Ecynaldo dos Santos (Lisbon) discu.ssed three points: (1) The importance of 
the o.xtcnsivcncss of spasm, lie cited a case with endocarditis and gangrene of the 
nose and possible gangrene of the ears in which he noticed a inarhed cyanosis of 
the extremities which was suggestive of emboli of cardiac origin. Novocaine 
infiltration of the stellate on both sides immediately resulted in improvement. 
Later, autojisy confirmed the fact that there was no embolus and that the vascular 
disturbance was uniquely of spastic origin. In each typo of case infiltration of the 
symiiathetics with novocaine is c.xtrcmcly important. (2) Arteriography cannot 
show all of the arterial lesions, lie has observed an extensive nodular syphilitic 
periarteritis wliich clinically had simul.atcd embolus in a case in which the arterio- 
gram was normal. Furthermore, by mahing two exposures with a slight interval 
between, each arteriography can show not only the proximal but also the distal 
limits of the obliterated artery. (3) As regards treatment he has a tendency to 
revert to tlie use of venous graft which he believes has the immediate advantage of 
counteracting the drop in jircssure in the distal segment. He has been able to 
demonstrate persistence of circulation in the graft several months later by arterio- 
graphic examination. Ho believes that the graft is particularly indicated in the 
cases where the parietal le.'ion cannot be aftected by simple embolectomy. 

Ren6 Lerlcbe (.Strasbourg). Clinical observation, arteriogr.aphy, and par- 
ticularly the initial pain clearly indicate that much of the disturbance is duo to 
the endothelial lesion, while some is duo to the adventitia. On the basis of clinical 
investigsitions and in variance with the views of English and American authors, as 
well ns Mahnejae and Hainmviei, he contended that there exists a certain nervous 
conduction along the artery. 

As regarils tlie tiiagnosis, he believes that it is impossible to ilistinguish embolus 
from throndni.s. The clinical signs and the suddenness of the symptoms are insuf- 
ficient to e.sl.'dilish e.-nbolu.s. Furthermore, ho docs not believe that artcriographv 
can jihsolutely make the diagnosis. The most important diagnostic aid is to keep 
it constantly in mind. With the full retilir.ntion of the frequency and importance 
of arterial spasm. L<'riche cautions the surgeon not to make this diagnosis too 
eagerly, but to examine carefully for its pre.sence. 

As regards treatment he states that cndwlisqomy aided by previous novocaine 
infiltnition of tht> sympatheties is the idetil method. In the. surgical treatment he 
stale.s that it is important to visualise the artery. At one time he tried performing 
grafts after excision of the obliterated arterial segment. In his experience this 
lias not been succe.‘-ifnl. Hut he believe.s that it is indicated today, bwausc the 
icitient.s are seen earlier, as dos .Santos has noted. 

I.eriche believe.s that one can resect all of the arteries of the extremities except 
the aorta ami the innominates. However, one .should be careful in the resection 
of liie liifurcation of the humoral artery and the origin of (he tibioperoneal tnmk 
The auenectonnes which give le.a.-d clinic.al results nre those of the smaller vessels 
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The mor ality m general is sufficiently high. The author cites tho ivork of 
Pearse which is based upon 296 embolectomies of which 52 per cent died less than 
a month after tlm operation. The late deaths are the result of the original lesion 
(chronic myocarditis, embolus, or cerebral hemorrhage, etc.). 

A study of the results according to the age of the subject shows that an ad- 
vanced age IS not a contraindication to embolectoray and that a voung ago is not 
always a factor of good prognosis. As regards the arteries involved, tho results 
are clearly better in interventions on the upper e.\treniitv than in those of the 
lower extremity, and in interventions on the superficial arteries than in those of the 
deeper arteries. 

The time of the operation plays the principal role in the prognosis. The earlier 
the intervention after the occurrence of the embolus, the less is secondary thrombosis 
likely to occur. Eeports on the statistics of the author (1932-1937) on lOS cases is 
in accord n-ith the statistics of Key, of Pearse, and of Danzis. In those cases in 
■which operation was performed within ten hours after the occurrence of the em- 
bolus, there were 70 per cent successful results. After tho tenth hour on 20 cases 
there were only 6 good results. 

The author concludes that if the procedure is applied in those cases in which 
it is definitely indicated embolectomy presents more advantages than disadvantages, 
and that in the future the successful results can bo increased by the use of arteri- 
ography to localize precisely the site of the embolus and by adding a complementary 
procedure (sympathectomy or paravertebral novocaine infiltration of the sympa- 
thetics). 

The author then discussed arteriectomy. This operation is based upon tho knowl- 
edge of the physiopathologj’ of the obliterated artery and the investigations of 
Ben6 Leriche. The procedure suppresses an irritative focus which obviates peripheral 
vasoconstriction. 


The author discusses the technique of arteriectomy before and after embolectomy 
and concludes that it is preferable to do first ablation of tho embolus and following 
this resection of the artery in the zone where the endothelium is involved. 

In studying the indications for arteriectomy and for embolectomy, tlic author 
comes to the following conclusions: Before the tenth hour it is always necessaiy to 
do embolectomy; after the tenth hour arteriectomy is indicated. He advises ex- 
ploratory arteriotomy in the late c.ases approaching the tenth hour. On tho other 
hand, when it is later than this, he advocates arteriectomy without previously open- 
ing the arterj’. Furthermore, arteriectomy is indicated if the patient is very wcah 
and incapable of withstanding a long intervention, such as cmliolectomy on one of 
the larger vessels, and if the embolectomy has failed in the instance wlierc extirpa- 
tion of tlie clot is impossible or where there is secondary thrombosis. 

The intervention of the sjanpatheties consists of novocaine block or ablation of 
the communicating rami or the ganglia. For the lower extremities he advises the 
extirpation of the second, tliird, and fourth lumbar ganglia which gives tlie most 
intense vasodilatory action. For the upper extremity lie advocates novocaine infillrn- 
tion of the stellate ganglion, as described by Leriche. 

Venous ligation has been advocated in the case of arterial obliter.ation by von 
Oppel who showed, in 1910, timt it can produce an increase in the blood siipplj 
after ligation of tlie corresponding artery. In tho light of tho ivork n uc i ic 
discussed it is not considered nn ndvisable procedure. 

The autlior discussed in detail the pharymicodynamic treatment. Ho particu -ir j 
studied the antispasmodic action of papaverine and tho vasodilatory action of 
acetylcholine and of other syanpathicolytic dru^s (Vohimhino). Tic stated also 
that certain cardiac druf?s arc u.«ef»l in relicvin^f the peripheral circuhition. 7hit 
in general the medical treatment mu.st simply I»c an aid to the surgical. 
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of Danis. It is about six and one-lialf months bj' plaster of Paris ivith the enclosed 
pin (technique of Bolder). Finally by the transosseous fixation (Creyssel and 
Colson, and Merle D’Aubigne) it is four and one-half months; (3) the anatomic 
and functional results following these methods are: In the spiral fractures the 
classical orthopedic method (plaster of Paris) gives onlj- 60 per cent good functional 
results. Tlie modern orthopedic method (transcutaneous fixation) and the Bane 
plate method give very good results, 85 per cent for the bone plate, SO per cent 
for the metliod of Bolder. In the transverse and oblique fractures the classic 
orthopedic method gives 66 per cent good results and the bone plate method 76 
per cent good results. The authors note that the modern orthopedic methods do 
not give better results. 

The authors then give the general indications. Transcutaneous fixation is ad- 
vocate<l for recent spiral fractures. If there are counter-indications (a bad condi- 
tion of the skin), continuous extension is employed. If the reduction is imperfect, 
cspeciallj- if the fracture is seen two w-eeks after the accident, the wiring method 
of Danis, the screw fixation of Merle D’Anbigne, or the Kirschner method (Creyssel) 
is best. 

For transverse or oblique fractures, it is preferable to employ closed reduction 
and continuous extension in the plaster. If the reduction is impossible continuous 
extension or open reduction is necessary. 

M. E. Danis (Bruxelles) stated that in order to reduce operative trauma and 
to induce good healing open fixation is considered as tlie metliod of choice and not 
as a last resort. Furtliermore, it is necessary to avoid prolonged immobilization 
of the articulation above and below the fracture. For this reason ho immobilizes 
the log in a metal and cloth legging surrounded with celluloid which can be laced 
on so ns to permit the knee and the ankle to be free. The bone fixation of the 
leg is made with a steel wire which is wound around the fragments. Spiral frac- 
tures are particularly adaptable to the wiring method and the results on 2S cases 
reported by the author treated by this method were excellent. In the transverse 
fractures the method is more difficult to emiiloy and the re.=ults in 25 cases wore 
considerably loss favorable. In the latter tyi)es splinting by a graft of pure bone 
appc.arod to him to bo a better method, because ho has obtained excellent results 
in the cases in which he has employed it up to the present. 

Viscussion . — Lambottc (Anvers) discu.sscd the open operative method. 

Bouver (Namur) and Borburge (Anvers) prefer external fixation. 

Jacobovici (Buenrest) described a ribbon encircling method with external fixa- 
tion (.Tuvara), which easily permits the removal of the metal. 

Lcriclic (Strasbourg) after having seen and employed various mcthoils stated 
that ho realizes more and more the advantages of metal fixation of the bone and 
prefers this method when an attempt at rciluction has failed. 

Stulr (.Strasbourg) reported excellent results by open fixation on .10 cases in 
the clinic of Professor Boriche. 

Cht.arolanza (Naples) preferred closed reduction. 

Petre Topa (Bncarcsl) stated that he prefers the ojicn method and fixes the 
bone by the simple graft of .Incoel which he removes' on the fifteenth dav. 

Podlaha (ttlomouc) .stated that he prefers the orthopedic treatment and reserve^ 
the oym lixalion for the c;iscs where this fails. 
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In spite of ali treatment amputation is often necessary. But it is undeniable that 
operations on the arteries and sjmpathetics limit considerably the extent of the 
necessary sacrifices. 


T. Wertheimer (Lyon) reported 3 interesting cases. He insisted upon the im- 
portance of arterial spasm and novocaine infiltration of the sjmipathctic chain. 

Carcassone and Haimovici (Marseilles) related their interesting experience re- 
garding the mechanical and vasomotor or spasmodic factors of the obliteration. 
They emphasized the importance of counteracting the spasm in the first stage by 
the use of vasodilator substances or novocaine infiltration of the .sympathetics and 
arteriectomy for the arteritis in the second stage. 

Marc Iselin (Pans) reported his observ-ations on 4 recent cases and stressed 
the relative independence of function between the arterial trunk and the arterioles. 

Naulleau insisted on the usefulness of arteriography and the tlierapoutic impor- 
tance of tliQ infiltration of tho s 3 Tnpathetic chain. Bj’^ graphic moans he has proved 
that these infiltrations must be frequent and repented. 

B, Merle D’Aubignd and Jean Creyssel: Relative Indications for Surgical 
Intervention and for Orthopedic Methods in Closed Practnres of the Leg.— The 
authors reviewed the anatomic characteristics of fractures of the leg and distin- 
guished two groups for diaphyseal fractures of tho leg: transverse fractures and 
spiral fractures. The old group of oblique fractures sliould bo classified under 
the first, or second gioup according to their etiologic chnraefcristics and radiologic 
findings. 

The authors then discuss the anatomic results and flie function.nl re.sults. Is 
anatomic healing necessary to obtain a good functional result? The study of 
numerous statistics^ including those of the authors, showed very well that tliere is 
a parallel between the anatomic state and the functional result. Tho following are 
the statistics of the authors on 219 observations: Of (iS perfect or very good 
anatomic results there are C7 perfect or very good fimction.nl results. In the other 
cases in which tho anatomic results wore poor, tlio functional results were also 
imperfect: 4.3 per cent if there was an overriding or overlapping of 2 cm.; 42 
per- cent if there was slight angulation j SO per cent if tho shortening was greater 
than 2 cm., even with a good axis. This shows tho necessity for ohfiiiiiiiig the 
best possible anatomic restitution. 

The authors then discussed the best methods of treatment: (1) the classic 
orthopedic treatment; that is, manual reduction with application of plaster cast is 
insufficient because of the frequent secondaiy displacement, especi.-illy in .spiral 
fractures; (2) the application of a Lane plate or wiring has the well-Iaiown dis- 
advantage of infection and delayed healing; (3) tho modern orthopedic method; 
that is the classic orthopedic methods with various nppliancc.s; continuous frnns 
osseous e-xtension (Putti, Kirsclmer); the fi.xation by transossoous wires included 
in the plaster cast (Bohler). 

Thev then describe their personal method for spiral fracture.-, which con.«i.sts 
of fixation by tho double pin (Crevsscl and Colson), an.l the pin method of Jfcrlc 
D'Anbigiid. The authors, in comparing the results obtained by the various mcthoi ?, 
note the follomng: (1) the risk of infection by Kirsclmer Jiin or by tran.«cutancoiis 
Sxation is much less than bj- open reduction and metallic fixatiem; (2) the. duration 
of the treatment according to tho authors’ observation.s is .about fire months Iiv 
tho old cliis.sic method if SHCcc.=sful. Imt if it Bails niid it i« necessary to coiploy 
somc other technique the time increases to twelve months. It is nbout seven months 
I)v tho Parliani-Mnrtin band nictbod. bnt only four nionth.s by the wiring method 
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Dr. E. C. Sears, of the University of Oregon, described their system of exami- 
nations vliich is patterned after that of the University of Minnesota except that the 
committee is empowered to disregard failures and promote the student if it chooses 
to do so. 

Dr. Eohert P. Dobbie, of the University of Buffalo, presented a type of ob- 
jective examination designed to eliminate inequalities in the grading of papers by 
so plirasing the questions that they are answerable by “yes” or “no” or by simple 
enumerations, yet extensive enough to serve as a real test of knowledge. Develop- 
ment and adoption of this type of examination was prompted by Dobbie ’s previous 
observation that, in correcting the essay type of examination, different examiners 
gave very different grades for the same answer; and the same examiner regrading 
tlie same paper after a considerable period wdthout a record of the previous grade 
was very inconsistent. 

With the new type of quiz, the average difference between examiners grading 
the same paper was one point: with the previous tj'pe it had been as high as 35 
points. 

Dr. E. Stanley Eyerson, of the University of Toronto, urged that more emphasis 
be placed in medical schools upon the recognition of the healthy state and upon its 
maintenance. Thus, courses in physical diagnosis of the normal person could well 
bo begun, and closely integp-ated, with those in anatomy and physiologj'. 

The second day was occupied by description of the organization of the curriculum 
at tile Jfedical Schools of Leland Standford and of the University of California. 
Hcflectcd was tlie increasing tendency to introduce the student to clinical work early 
in his career, both schools starting it in the sophomore year. 

Dr. George Barnett, of Stanford University, emphasized the value of sophomore 
clinics consisting at each session of a brief explanatory lecture followed by practical 
work with patients. 

Dr. Frederick L. Reichert, of Stanford University, described the course in dog 
surgery given to sopliomores. The main purpose of this course appears to be to 
teach the student early liow to comport himself to the operating room so that he 
will not bo a menace to the patient when he begins to help with opcr.ations on the 
human. 

Dr. William Dock, also of Stanford University, took the po.silion that tbo 
pathologist ought to concern himself with gross and microscopic pathology, le.aving 
the clinic.al aspects largely to the clinicians. 

Dr. Salv.atoro P. Lucia, of the University of California, discussed the organiza- 
tion of the senior curriculum at the University of California, emphasizing tlic use 
of the out patient department which lia.s boon so organized that the student follow.s 
llio patient into tbo hospit.al or into the home, a.s the case may be, tbns securing a 
view of the patient wliicli includes the social ami economic ns well as the clinic.al 
.aspects of bis situation. Tbo object is to avoid a narrow view of the ]>aticnt’s ail- 
ment. 


Dr. Frederick S. Bnickraan, of the University of Cnliforni.a, disemssed further 
the importance of the out patient clinic in teaching and cspcci.allv empliasize<i the 
v:iiiie of the time spent by the student with the social service workers, from whom 
bo learns at tlr.sl band of the organization and fimction of (he various welfare 
agencies nnd bow to enlist their nid when noccsstiry. An attempt is made to familiar- 
ize the slmlont with the varions items in the cost of medic.al o.are. 


The third day l.egtin with a .symposium on the comnmnit\ 
Dc.in 11. E. W.ahl, of the University of JCnnsns, nttribute'e 


aspects of medicine, 
the new conditions 
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Auvray (Paris) having examined a number of cases noted that bad results of 


Fredefc (Paris) preferred the open fixation method. 
ii.xSS^ orthopedic method and if this fails he uses open 

Dupuy de Prenner (Pans) uses the closed reduction method for cases seen carlv, 

• Others taking part in the discussion mere Amaud (Saint-Etienne), Lemaire 
(Courriere), Vanlande (Eabat), Marcel Senechel (Paris), Chevanez (Bordeaux), 
Fastalis (Pans), Delandeninert (Mens), Masmontille (Paris), Grinda (Jfice) 
Serey (St. Malo), Bieneg (Toulousso), and Gentile (A’'odent-sur-Jrarne). 


REVIEW OP THE 'MEETING OP THE ASSOCIATION OP 
AIMERICAN MEDICAL COLLEGES, SAN PRANCISCO, 
CALIP., OCT. 25-27, 1937 

C. D. Creevy, M.D., Minxeapous, JIixx. 

(From the University Hospital) 

'T’HB forty-eighth annual meeting of the Association of Ainoricnn Medical Colleges 
mas held at the Fairmont Hotel, San Francisco, Calif., on October 25 to 2", 1037. 

Dean E. W. MacEwen, of the Medical School of tho Uuivcr.sity of Iowa, gave tho 
first of four papers in a symposium on e.xaniinations. He pointed out tlint inereascs 
in the number of medical students have lessened individual contacts with instructors 
and enhanced the importance of the written c.xamination. Tlic fact that 25 per cent 
of the students admitted to our medical schools fail to finisli suggests defects in 
the current system of examinations, but points also to inadequacies in selecting the 
students in the first place. Tiie remedy for this high student mortality probably lies 
also in the selection of bettor teachers, bearing in mind tliat nn excellent rc.searcb 
worker may be a miserable teaclier; and in improving the typo of examination, per- 
haps by a shift to the objective form. 

Dean H. S. Diehl, of the University of Jlinnesota, de.serihcd the system of com- 
prehensive examinations employed in the Jtcdical School (here for the past ten 
years. The questions are prepared by the various departments, reviewed by the 
examination committee for ambiguities and unfairness, and given annually, e.veept 
in the fourth year, under tho supervision of the chief e.vamincr. P.apcr.s gradf'd 
below passing are checked by a second examiner and, if still IkjIow grade, by the 
committee. The names of the students are not known to those correcting the 
papers. The student may repent both the freshman and sophomore e.viiminations once 
and may have three tria'ls in the junior year. More failures than tlii.s lead to dis- 
missal. Tho work of the next year may not be taken, in whole or in part, until the 
comprehensive examination of the preceding year has been passed. 

Chief advantages of the sj'stem arc its impartiality, tlie fact that tho disturbances 
of students and faculty incident to o.v.amin.ations occar only once n year, and the 
necessity for reviewing the whole year's work ns a unit. Jforeover, tho pnietirejyt 
rechccking the low papers insures fairness to the weak student. In the years 
1937, ntiout 10 per cent of those taking the e.xnniiiiation.s were eliminated. 

Received for publication, December J>, IDS?. 



THE CENTENNIAL 5IEETING OF THE AMERICAN ASSOCIA- 
TION OP OBSTETRICIANS, GYNECOLOGISTS AND 
ABDOMINAL SURGEONS, HOT SPRINGS, VA, 

SEPT. 20-22, 1937 

Jennings C. Litzenberg, M.D., Minneapolis, Minn. 

(From Vie University of Minnesota) 

meeting of the American Association of Obstetricians, Cjmecologists and 

Abdominal Surgeons, held at the Homestead Hotel, Hot Springs, Virginia, was 
tile Centennial Celebration of the founding of the Society. It was held on Sep- 
tember 20, 21, and 22. 

Improvements in the Operative Treatment of Carcinoma of the Large Bowel, 
W. Wayne Babcock, M.D., Pluladelphia, Pa.: Dr. Babcock called attention to the 
advantages of oblique muscle-splitting incision in resection of the largo intestine 
for carcinoma. He discussed the prevention of peritonitis by preliminary decompres- 
sion of the bowel, by vaccination of the peritoneum, and by seraiaseptic mctliods 
of suture; the guarding of suture lines from peritoneal leakage by largo glass 
lube drains; modifications of the Mikulicz operation with immediate drainage 
by external bulbous tubes; early division and suture of the spur with the aid of 
fine alloy steel wire sutures and ligatures; the removal of rectosigmoid growths 
by a modified abdominal Mikulicz procedure; the elimination of abdominal 
colostomy in rectal and sigmoid growths with establishment of a perineal anu.s, 
with or without preservation of the sphincters. 

Early Diagnosis of Carcinoma of the Eundus, J. P. Pratt, M.D., Detroit, Mich,: 
Any vaginal bleeding after the menopause arouses suspicion of malignancy. 
Jlicroscopic bleeding is important for early diagnosis. This is especially true 
when the cervix appears normal. Before the menopause, carcinoma occasionally 
originates in lijqicrplasia of the endometrium. All curettings must be examined 
carefully for evidence of malignancy. Dr. Pratt recommended that the patient 
be instructed to keep a graphic record of menstruation for three years. This 
sometimes leads to determination of early carcinoma. He also emphasized the 
necessity of carcfvil education of patients ns essential to secure earlier diagnosis. 

Three-Year End-Ecsults of Carcinoma of the Female Genital Tract Treated 
with 800 K.V. Eoentgen Rays, Henry Schmitz, M.D., Chicago, III.: The effect of 
(ho Itoeutgen ray deep therapy is determined by histologic changes in the car- 
cinoma ceils. Sections were removed before treatment was begun and thereafter 
every eiglit days until the treatment was finished. These sections were studied 
every two weeks until local healing ensued. The rtuliation doses were 1,000, 2 000 
:i,000. and 1.000 after one, two, three, and four weeks. The histologic changes 
due to the lioentgcn rays of .SOO K.V. were compared with those obtained with 
gamma rays. They were found to be essentially the same. 

This treatment, from May 1, lO.IS, In December 1, 10:i;, showed a healing of 
00 per cent in Ot patients. 

Itosnlts after simibar i>eriods obtained with radium and I-IO K.V Roentgen rav.s 
■’ ='^0 R-V. Roentgen rays we're 
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^^hldl confront the practitioner of meflicine to changes in tl.e social order hrouglit 
about by the niachine age, and especially to sivift transportation and communication. 
He declared that prejudice against the medical practitioner, always fostered bv the 
cultists, IS often increased by the physician himself through insufficient participa- 
tion in CIVIC and community actirites, apparent snobbishness, lack of sympathy and 
excessive fees. 


He urged that students be informed of the medical aspects of social securitv 
legislation already in effect, and made conscious of modern needs and facilities for 
the care of tlie indigent and near-indigent. He pointed out that, in flie long run, 
society will clioose for itself the tj-pe of medic.al care which it desires. 


Dr. B. W. Black, of Alameda, Calif., entered a plea for unprejudiced ]>resentn- 
tion to the student of such widely divergent but controversial matters as contracep- 
tion, euthanasia, health insurance, and state medicine. He declared that the present 
economic sj-stem is incompatible with the current code of medical ethics. 


Mr. Ralph Couch, of the University of Oregon, pointed out that it is difficult 
if not impossible to teach a medical student to be ethical, since his tendency in this 
direction has probably become fairly well fixed by other factors and training prior 
to entering medical school. He is sure that socialization of medicine is on its wav 
and urges that students be prepared for it by teaching all the details of medical 
economics, including bookkeeping, his responsibility to charity patients, the details 
of the income tax law, etc. 


In the discussion, Dr. Herman G. Weiskotten, of Syrncn.se, H. V,, said that at 
Syracuse University they had approached the economic problem by requiring each 
student to make a complete social and economic study of one jiatieut and to jircscnt 
the result at a seminar with the social service worker and the profc.ssors of medicine 
and psychiatry. Tliey have also initiated a six weeks’ clerkship in Uublic Hcaltli, 
during which the student not only visits but participates in the activities of tiic 
various public health and welfare agencies. 

Dr. Langley Porter, Dean of the Medical School of the University of California, 
deplored the present-day tendency to forget tlint the medical student is an adult 
who has rights to some leisure for reflection after exposure to stimulating teai'hers. 
Students are usually better aware of practical economics than one might think and 
should be allowed to draw some conclusions of tiieir own rather than to be too 
tightly crammed with facts in formal courses. 

Dr. Alan M. Chesney, of .Tohns Hopkins Univcr.sity, said that .Tohns Ilojikins 
employs a plan similar to tliat described by Dr. M ciskotten. 

Dr. Calvin P. Stone and Dr. George S. Johnson, of Stanford, University, pro 
sented the case for more adequate teaching of psychology to the premedical student 
and for its closer integration with subsequent studies of psycl.mtry by medical 
students. There was some deploring in connection with the small amount of time 
now devoted to psychologv- in the premedical cnrriculnm and to psychiatry m the 
medical schools, leading the author to speculate idly upon the probable leiigt i o 
the medical curriculum if the pleas of each .sjiccialist for more eii.piiasis nrnl more 
time for his subject were heeded. 

Dean OT. H. Bees, of the School of .Ifedicino of the University of Colorado, 
described Ebaugh ’s method of teaching p.-iyclioiiiologj- by means of perfonn i ' 
fituflics of encji frcslimnn medical student, wlio is n^iiired to an5'\er in ( (tni 
nlarming array of qnestion.s focciil>ying twenty-four mirncographefi sheets) rone 
ing his pa.«t life and the intimate cicIaiLs of liis Mmiwr. Wiili- thin rniisl give tin’ 
student an admirable insight into psychiatric methods, one cannot help hat fear its 
effoets upon the neurotic sturlent irifh hat little .sense of humor. 
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Respiration and Pulmonary Ventilation in Nonpregnant, Pregnant and Puerperal 
Women with an Interpretation of the Acid Base Balance During Normal Preg- 
nancy, E. D. Plass, M.D., Iowa City, la.: The respiratory rate, the volume of 
tidal air, and the minute volume of respired air increase during pregnancy. As- 
sociated with these changes there is an increase in the minute volumes of expired 
CO, and of absorbed O, and a rise in the ratio of the minute volume of respired 
air to the minute volume of expired carbon dioxide. The acid-base balance in 
the blood of pregnant women represents a compensated CO, deficit based upon a 
physiologic lij'perventilation, the gradual development of which prevents anj- 
consistent rise in the blood pH by permitting a reduction of the plasma bi- 
carbonate proportional to the lowering of the CO, content. 

What Is the Correct Interpretation of the Term Test of Labor? E. L. King, 
M.D., New Orleans, La.: There is a lack of uniformitj- in the definitions of the 
‘‘test of labor” which is found in the various textbooks on obstetrics. This 
term, of course, is applied to the conduct of labor in a case of borderline con- 
tracted pelvis. The question of the performance of Caesarean section is based 
upon the findings after the ‘‘test of labor.” 

The Relationship of Fetal Birth Injuries to Obstetrical Difficulties, W. A. Scott, 

M. D., Toronto, Canada: There is a tendencj' to ascribe fetal birth injuries to 
poor obstetrics. The practice of good obstetrics implies a certain fetal mortality 
and if attempts are made to eliminate this mortality, poor obstetrics will be done 
with an increasing maternal death rate. 

This paper is a consideration of the factors in fetal birth injuries as encountered 
by conscientious obstetricians. 

Nutritional Diseases Associated with Late Toxemia, R. A. Ross, M.D., Durham, 

N. C.: The apparent paradoxes in the incidence, causation, classification, treat- 
ment, and prognosis of patients with late toxemia of pregnancy have been re- 
peatedly emphasized. Dr. Ross has been impressed with certain variances oc- 
curring in patients of North Carolina. His report comprises a five-year review 
of the problem of late toxemia of pregnancy in a state which is essentially rural, 
its incidence in a general ho.spital, and its development in an institution that has 
adequate professional supervision. The results are at variance with the findings 
of studios in other localities. Ho emphasized that the difference was probably 
duo to the peculiarities in the diet of the poorer patients with which they have 
to deal. 

The .speaker of the evening at the banquet was Francis F. Gaines, President, 
Washington and Lee University, Lexington, Va. Dr. Gaines, a great orator and 
scholar, gave a scholarly and inspiring nddre.«s on the Overtones of Education. 
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29.2 per cent in 48 cases. It is therefore probable that the use of uUrahich 
voltage Koentgen rays will give superior percentages of good end-results or 
cures after a period of five years. 

Pelvic Tuberculosis, James E. King, M.D., Buffalo, N. T.: Dr. King reviewed 2G 
cases of pelvic tuberculosis, lajdng particular stress upon the postoperative san- 
atorium treatment. 

The Surgical Treatment of Ovarian Dysfunctions, J. L. Eeycraft, M.D., Cleve- 
land, Ohio; Different tj-pes of surgical treatment were reviewed and a scries of 
cases presented, showing the functional effect of excision of the major portion of 
the ovarian cortex. 

The Problem of Endometriosis, Dr. Daniel Dougal, Manchester 3, England: 
Dr. Dougal was the guest speaker at the meeting and delivered the Joseph Price 
Oration. 

Caesarean Section in Infected Cases, WiUard E. Cooke, M.D., Galveston, Tex.: 
Dr. Cook called attention to the unsatisfactory results of the Kroenig, Latzko, 
Hirst, Porro, Fortes operations and proposed a modification of the Hirst prin- 
ciple, namely the isolation of the pelvic cavity by uniting the peritoneum of the 
uterus with the parietal peritoneum. 

Frank-Geist Operation for Congenital Absence of the Vagina, Walter T. Dann- 
reuther, M.D., New York, N. Y.: Dr. Dannreuther reviewed the various methods 
of constructing the vaginal canal, stressing the unsatisfactory results in most of 
them. The Frank-Geist operation has been popularized as the “satchel handle" 
operation, which is characterized by the construction of a canal of the skin and 
integument of the thigh and the dissection of a space anterior to the rectum into 
which the "satchel handle" is introduced. 


The Treatment of Vesicovaginal Fistula, Cameron Duncan, M.D., Brooklyn, 
N. Y.: Dr. Duncan emphasized the necessity of cystoscopic c.vamination, the de- 
termination of the function of the kidneys, the exact relation of the uretor.s to 
the fistula as necessary preliminaries to the operation. 


Gynoplastic Eepair, Following Delivery, Eaymond C. King, M.D., Toledo, Ohio: 
Dr. King advocated routine examination of the cervix and vagina immediately 
following delivery. He stated that the immediate repair of recent injuries was 
superior to the intermediate repair (five to ten days after delivery). He called 
attention to the fact that intermediate or secondary repairs can be done immedi- 
ately after delivery, but that it is wiser to postpone such operations to a Inter 
date. 


Presidential Address (Our Association, Its Privileges, Accomplishments and Its 
mture) James W. Kennedy, M.D., Philadcli.hia, Pa.: This was a most inspiring 
' review of the past history and future of the specialty of obstetrics and gynecology, 
paj-ing high tribute to Dr. Kennedy’s former chief. Dr. Jo.sopli Price. 


The Preliminary Stage of Labor, Buford G. HamUton, M.D., Kansas City, Mo.: 
By the preliminary period of labor is designated all the presumptive sign.s of labor 
that mar bo present before tlicre is evidence of the progressive softening, cff.acemnnt, 
and dilatation of the cervix. Dr. Hamilton classified labor under three he.ading. . 
true labor, false labor, or prcliminarj- labor. In the latter there m.ay ^ 

Jays, -n-ith no progres.s, but the delivery Is normal with proper handling. 
.strWscd that during this period of prolonged iiicffcclivo pains interference is con- 
trnindicated. 
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that illustrate principles but not details. The literature of the subject has not 
been fully covered but perhaps that is not necessarj' in a vrork of this limited scope. 
The analysis of the 155 cases is of great interest in showing conditions faced by 
our French colleagues and especiaUj' in showing how they meet these problems. The 
operability for cure is 50 per cent, about that in many clinics in this country. 
The operative mortality and end-results in the various types of surgical attack 
are carefully analyzed and will be read with profit by anyone doing this tv-pe of 
surgery. 

The first part of the monograph could be read with profit by the medical student ; 
the second part, studied with interest by the surgeon as a comparison between his 
work and that of French surgery. It is worthy of note that at the present rate of 
exchange this book costs just over $1.00. Tliis low price is accounted for in part 
by the simplicity of the cuts and the paper binding, but we may well inquire whether 
there might not be a place in our literature for inexpensive books of this type 
in which subjects are covered comprehensively enough for the medical student, 
interne, and young surgeon. Surgery advances with such rapidity that the most 
expensi%-o book soon becomes obsolete. 


Tumors of the Nervous System (Volume XVI of a scries of research publications. 
The Proceedings of the Association for EesearcU in Nervous and Mental Diseases, 
New York, Dec. 27 and 2S, 1035). Pp. 403, with 213 illustrations, Baltimore, 
1037, The Williams & Wilkins Co. $7.50. 


This book is a most excellent compilation of some of the recent advances in the 
investigation of tumors of the nervous system. It is composed of a series of in- 
dividual articles written by investigators well versed in their particular fields. The 
subject matter comprising this book was presented at the annual meeting of the 
Association for Besearch of Nervous and Mental Diseases. Discussions of the 
papers arc included after each chapter. These discussions help to elucidate the 
difTcrenecs of opinion upon various subjects and arc a valuable adjunct to the 
book. 


As a whole, the articles are well written and concise. Certain chapters merit 
special comment. The chapter on “The EfTect of Irradiation on Gliomas” 
is the resvdt of a survey of material obtained by the pooling of cases from numerous 
clinics. This cooperative study has resulted in information which probably would 
be very difficult to duplicate. The study on “The Gliomas of the Central Nervous 
System” is an e.\cci)tionally well-written comprehensive review of the histologic 
structure of these various tumors and of the preo])erative duration of symptoms as 
well as the average survival time in the various types of gliomas. The studv of 
meningiomas has been approached from a new angle, and an attempt has been 
made to trace the origin of the.se tumors in order to account for the extreme varia- 
tion in their structure. In this work the author very logicallv classifies the 
meningiomas according to their origin, thus emulating a procedure that alreadv 
has been carried out for the gliomas. The final rhai>ter.s are devoted to a studv 
of ‘‘Tumors of the I’erijihenil N'erves.” The authors here have succeeded in con- 
densing and clarifying a most diversified and eomplicated field into a few well- 
organireil chapters. 


This publication, however, has certain definite we.-iknos-es. The .space allotted 
for the discussion of some of the snbject.s is certainly not in the proper proportion 
to their rclatiN.. i.nporlance, thus i.rislucing an improper balance of the subject 
matter of the text. For exanqde. an enlio- chapter is d.-votcal to the st„dv of 
”r.!s-ndyanmm< "-incidentally, an excellent chapter that warnmts nmdin'o-^vbile 
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A Brief Oiitllno of Modern Treatment of Practures. Kd. 2. By H. Waldo Spiers 

Pp. 1?.?,, witli 109 illustrations and 5 jdates. Baltimore, 1937, William Wood & 

Coni])any. $2. 

In tliis small book the autlior has attempted the extremely difficult feat of com- 
pressing: (bo subject matter of fracture treatment within the limits of the students’ 
time and needs. The plan and frenera! arrangement of the book are excellent and 
good use has boon made of lino drawings to illustrate the text. All padding in the 
form of reviews of the literature and extended discussion and debate has been 
rigorously excluded. 

As .a supplement to the leaching of students, however, the book is open to some 
few criticisms. The author has compressed his subject matter into the smallest 
possible compass, but ho has not well adapted his style to the limits of his space. 
By careful editing and repeating polishing much space which is sorely needed for 
expansion and elaboration of certain parts could bo gained. 

Tho chapters on the treatment of individual fractures are, on the whole, good. 
Practuros of the clavicle are discussed in the traditional manner but without mention 
of Boehlcr’s ideas on tho subject. Dislocation of the shoulder joint is briefly and 
not too well considered, and unfortunately the original method of reduction as 
presented by Koclier is not accurately described. Fractures of the humerus are 
well treated, as are the fractures of the elbow joint. Colies fracture is considered 
in the orthodox manner, but no mention is made of Boehler’s treatment. Fractures 
of tlio liand and carpai bone receive adequate mention for a book of this type. Frac- 
tures of tlio vortobrao and ribs fire well described and discussed. Tho chapters 
on fractures of tho hip and femoral shaft arc remarkably good and compare favorably 
with tlio.so in any of tho large tcxt.s. 


Traitement Chinirgical du Cancer du Colon Pelvien. By Pierre Bertrand and E. 
Corajod. Paper. Pp. 207, witli 35 illustrations. Paris, 1936, Masson and Cie. 
30 fr. 


This book is one of the monographs on sharply delimited subjects so popular with 
tho French and so well done by tbem. The authors are the former and the present 
Chef de Clinique Chirurgical u la Facultd do Hfddccine de Lyon, also assistants to 
Professor Tixier of that clinic. The work is a critical analysis of 153 patients 
with cancer of the sigmoid colon treated in the surgical clinics of Professor Tix.cr 
and Doctor Paul Santj'. The book is divided into two parts, the first dealing wi i 
the anatomy, pathology and clinical manifestations and the diagnosis of the part 
and tho disease. These subjects are covered systematically but with brevity and 
without evidence of originality or personal authority. The second and arger par 0 
the book is devoted to a consideration of treatment, 

Tlio historical development of the operative procedures is well done and most 
interesting, showing that American surgical literature has not given credit 0 e 
French for originating many commonly used technical procedures. All opera ions 
with their many minor modification.^ that have been used in treating cancer 0 le 
sigmoid are described briefly and ilhi-strated with rather schematic line drawings 
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that illustrate principles but not details. The literature of the subject has not 
been fully covered but perhaps that is not necessary in a work of this limited scope. 
The analysis of the 155 cases is of great interest in showing conditions faced by 
our French colleagues and especially in showing how they meet these problems. The 
operability for cure is 50 per cent, about that in many clinics in this countrv'. 
The operative mortality and end-results in the various types of surgical attack 
arc carefully analyzed and will be read with profit by anyone doing this tjpe of 
surgery. 

The first part of the monograph could be read with profit by the medical student ; 
the second part, studied with interest by the surgeon as a comparison between his 
work and that of French surgery. It is worthy of note that at the present rate of 
exchange this book costs just over $1.00. This low price is accounted for in part 
by the simplicity of the cuts and the paper binding, but we may well inquire whether 
there might not be a place in our literature for inexpensive books of this type 
in which subjects are covered comprehensively enough for the medical student, 
interne, and 3 'oung surgeon. Surgerj’ advances with such rapiditj’ that the most 
expensive booh soon becomes obsolete. 


Tumors of the Nervous System (Volume XVI of a series of research publications. 
The Proceedings of the Association for Research in Nervous and Mental Diseases, 
New York, Dec. 27 and 28, 1935). Pp. 49.3, with 213 illustrations, Baltimore, 
1937, The Williams & Wilkins Co. $7.50. 


This book is a most e.xcollont compilation of some of the recent advances in the 
investigation of tumors of the nervous sj'stcm. It is composed of a series of in- 
dividual articles written bv- investigators well versed in their particular fields. The 
subject matter comprising this book was presented at the annual meeting of the 
Association for Research of Nervous and Mental Diseases. Discussions of the 
papers arc included after each chapter. These di.“Cussions help to elucidate the 
dilTcreacos of opinion upon various subjects and are a valuable adjunct to the 
book. 


As a whole, the articles arc well written and concise. Certain chapters merit 
special comment. The chapter on “The EfTcct of Irradiation on Gliomas’’ 
is the result of a survoj' of material obtained b_v the pooling of cases from numerous 
clinics, 'fliis cooperative study has resulted in information which probably would 
be vcr\- difiloult to duplicate, 'flie study on “The Gliomas of tlic Central Nervous 
S.vsicni’’ is an cxcejdionnll.v well-written comprehensive rowew of the histologic 
structure of these various tumors and of the preoporative duration of sj-mptoms as 
aell ns the average survival time in (he vtirioiis (jpes of gliomas. The study of 
meningiomas 1ms been ajiproached from a new angle, and an attempt has heea 
aaide to trace the origin of these tumors in order to account for the extreme varia- 
tion in their strnctan'. In this work the nuthnr ver\- logicalh- rlnssifies the 
moningionms according to their origin, thus emulating a proeednre that .nlrendv 
1ms hoen carried out for the glininn«. The fmni cliaptcrs arc devoted to n stnd'v 
of “Tumors of the Peripheral Nerves.*’ The authors here have succeeded in coii- 
dciming and clarifying a most divcr.'=iftod and complicated field into u few weil- 
nrganired chapters. 

This pnblicalion. Iimvcver, 1ms eert.nin definite Wcaknos-.'s. Tlie space allotted 
for the disensMon of some of the snbj.vis is rerlairily not in the proper proportion 
to their rclatue imporlame. Urns pr.sliicii.g an improper balance of the suhject 
matter of the tcNt. For example, an entire elmpter is devoted to the vf,„]v of 
“i:,s.ndy,„.mias ■ - incidentally, an excellent chapter that warrants re.adine-rVhilo 
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such tumors ns iiinciiloinns, oligodendroglioinns, nnd epongioblastoma polare arc 
dismissed witli only a very short discussion. Also, gome forty-eight pages are de- 
voted to n discussion of tumors and cysts of tlio cerebellopontine angle and their 
relation to the Inloral rcccggcs of the fourth ventricle. Such a lengthy discourse is 
somewhat out of keeping with tlio importance of this material to the rest of the 
book. The text is likewise lacking in completeness as a study of tumors of the 
central nervous system. The entire group of vascular tumors is omitted. Also 
numerous other less common lesions, such ns teratomas, lipomas, and granulomatous 
lesions as tuberculomas and syphilomas, arc not mentioned. 

ior the material covered, the book certainly can be recommended as an authorita- 
tive nnd well-written statement, but it cannot bo used ns a reference book for all 
tumors of the nervous system. 


A Synopsis of Gonito-Urinary Diseases. By Austin I. Dodson. Pp. 272, with 111 
illustrntion.s, St. Louis, 1037, The C. AL Jfosby Compan 3 '. $3. 


This little book is designed to furnish the medical student and general practi- 
tioner with a convenient hand book of uroiogic information. This is the second 
edition, the first having appeared in 193-1. The newer work is considerablj- im- 
proved over the original, both in the arrangement nnd treatment of subject matter 
and in the number of illustrations. 

The outstanding feature of the book is its compactness nnd adherence to funda- 
mentals. The author apparently realized the importance of describing in detail the 
points of technique in the performance of the simplest uroiogic procedures, since 
the book will bo used for the most part bj’ men entirely unfamiliar with urology. 
This alone makes it a valuable reference work, ns these points are commonly slurred 
0 %-cr or omitted in the larger, standard texts. The more advanced aspects of treat- 


ment, notably major uroiogic surgery, are passed over with the barest mention, as 
these are admittedly not within the scope of such a simopsis. Attention is paid 
throughout to the more common uroiogic conditions, the rarer diseases being men- 
tioned but not emphasized. 

Tho author has brought his book up to date and has included all of the newer 
urinary antiseptics in his discussion of upper tract infections. In addition to this, 
corapicto diet lists are furnished, which can easily be referred to in prescribing 
for patients. However, no misleading claims or inferences are made wherever new 
methods of treatment are discussed, and it is clearly stated in each instance that 
their efficacy and safety have yet to be tested by sufficient time and e.vpenenee. 

It mav bo seen from the above that this little hook fulffils its purpose admirably 
and can unliesitatingly be recommended as a ready source of uroiogic information 
to any one desiring it. 
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Control of the production of Squibb Cyclo- 
propane begins with the selection and testing of 
I the raw materials used, to make certain that 

: r A ';j 3 they measure up to Squibb standards. 

Hr H Elaborate purification methods are used in 

the process of manufacture to render the gas 
free from deleterious substances. A careful 
chemical analysis is made before the gas is 
released for sale. 

This extreme care in produaion results in an 
exceptionally pure gas. Squibb Cyclopropane has been generally accepted 
by anesthetists throughout the country as a dependable anesthetic agent. 

Squibb Cyclopropane is supplied in 30-, 75-, and 200-gallon cylinders 
and in 2-, 6-, and 25-gallon Amplons.* The 30-gallon cylinders and the 
2- and 6-gallon Amplons are especially suitable for portable machines. 

Note : Because of the great potency of Cyclopropane in low concen- 
trations it is important that the anesthetist be thoroughly familiar with 
the technique of administration. 

* Ampluri is a trndc-mark of E. R. Squibb & Sons. 



Vor jt:forma/ioti and booklet on Cyclopropane address 
Anesthetic Division, 745 Fifth Are., New York, N. Y. 


ER: Squibb & Sons. New York 

MANUFACTURING CHEMISTS TO THE 
MEDICAL PROFESSION SINCE I8S6. 
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COOK COUNTY 

GRADUATE SCHOOL of MEDICINE 

(IN AFFILIATION WITH COOK COUNTY HOSPITAL) 

Incorporated not for profit 


Announces continuous courses 


MEDICINE — ^Informal Course; Intensive 
Personal Courses; Special Courses. 

SURGERY — General Courses One, Two, 
Three and Si.v Months; Two Weeks 
Intensive Course in Surgical Tech- 
nique with practice upon living tissue ; 
Clinical Course; Special Courses. 

GYhTECOLOGY & OBSTETRICS— Diag- 
nostic Courses; Clinical Courses; 
Special Courses. 


OTOLARYNGOLOGY— Two Weeks In- 
tensive Course starting April 4, 193S. 

OPHTHALktOLOGY— Two Weeks In- 
tensive Course starting April 18, 1938 ; 
Personal Course in Refraction Metliods. 

UROLOGY — General Course Two 
Months; Intensive Course Two 
Weeks; Special Courses. 

CYSTOSCOPY — Ten Day Practical 
Course. 


FRACTURES & TRAUMATIC SUR- 
GERY — Informal Practical Course; 
Ten Day Intensive Course starting 
February 14, 1938. 


GENERAL, INTENSWE AND SPE- 
CIAL COURSES IN ALL 
BRANCHES OF MEDICINE AND 
SURGERY. 


Teaching Faculty — ^Attending Staff of 


COOK COUNTY HOSPITAL 

Address: Registrar, 427 South Honore Street, Chicago, Illinois 
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RANCH 

(>n Soiitliwpfttcrn CoTornUo ncnr Mcpn 
VcriTo National TarU) 

It’s a fascinating and diitcrcnt life to 
“go wc.otcrn” — to ride with the cowmen 
in llio mountains and “tune in” quickly 
to the worknd.ay life of a big, 2,150-acrc 
c.attlc ranch located amid the snow- 
capped peaks of the Rockies. Here also 
is rainbow trout fishing at its best, yet 
unspoiled and off the beaten path of 
tourist trafllc. 

Teelnwuket enjoys ns it." guests m.any 
professional men and their families dur- 
ing tlie summer fcason, and invites you 
to write for information to: Tcelawukot 
Ranch, Bayfield, Colorado, or 4-1S2 Wash- 
ington Blvd., St. I/iuis, Missouri. 
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Just off the Press! 


OPERATIVE 

GYNECOLOGY 

• By HARRY S. CROSSEN 
and ROBERT J. CROSSEN 

5th Edition — Price $12.50 
1,076 pages, 1,200 illustrations. 



The six years since the last edition of this work constitute a period of unusual 
activity in searching out the fundamentals of gynecologic physiology and struc- 
ture, and in applying such knowledge to the cure of diseased conditions. This 
intensive study has c.xtended also to our therapeutic resources— old and new, 
medical and surgical — p'ving a much better understanding of their possibili- 
ties and limitations. This new edition has been e.\tensively rearranged and 
rewritten to cover this new knowledge. About 200 new illustrations have 
been used. 


TABLE OF 

I — Ovarian and Parovarian Tumors. 

II — Pelvic Inflammation. 

III — Other Diseases. 

IV — Conservative Surgery of the Ova- 
ries and Tubes. 

V — Myoma and Adenomyoma of U- 
terus. 

VI — Cancer of the Uterus. 

VII — Inflammation and Disturbances of 
Metabolism in the Uterus. 

VIII — Retrodisplacement of the Uterus. 

IX— Proiapse of the Uterus and Bladder. 

X — Chronic Inversion of the Uterus. 

XI — Pelvic Floor Lesions. 

XII — Genital Fistulae. 


Contents 

XIII — External Genitals and Vagina. 

XIV — Malformations. 

XV — Disturbances of Function. 

XVI — The Urinary Tract. 

XVII — The Intestinal Tract. 

XVIII — Nervous and Mental Symptoms. 

XIX — Preparations for Abdominal Opera- 
tion. 

XX — Technique of Abdominal Operation. 

XXI — After-Treatment in Abdominal 

Operation. 

XXII — Vaginal Operations. 

XXIII — Anesthesia (By H. S. Brooks, Jr.). 
XXIV— Medicolegal Points. 


3IJ 

THE O. V. MOSBV COMPANT, 

3525 Pine Blvd., St. Xouis, Mo. 

Gentlemen: Send me the new Fifth Edition of Orossen ^'OPERATIVE OYNEOOLOCH , charg 
ing my account. The price Is $12.50. 




THE SOUTHEASTERN SURUICAL CONGRESS 

will hold its Ninth Annual Assembly in Louisville, Kentuckj^, March 7, 8, and 9, 
1938, at tile Bromi Hotel. The Congress will emphasize the post-graduate side 
of surgery and will conduct one of the most extensive post-graduate assembly 
courses in the different surgical specialties ever held in the country. The nation s 
grcate.st surgeons and surgical teachers will leetTU’e and demonstrate with slides 
and moving pictures every phase of surgexy. Tlie following program lias been 
arranged ; 


Abell, In-in, Louisville, Ivj-. 

Biibcock, "W. "Wayne, Baltimore, JId., 

Bailenirer, E. G., Atlanta, Ga. 

Blalock, Alfred, Nashville, Tenn. 
Blake, W. H., Shemeld, Ala. 

Borland, J. K., Jacksonville, Fla. 

Bradley, E. B., I^xlngton, Ky. 
Brenizer, Addison G., Charlotte, N. C. 

Cahill, George F., New York City 
Campbell, Willis, Jlcmphls, Tenn. 
Cohn, Isidore, New Orleans, La. 
Coleman, C. C., Richinond, Va. 

Crlle, George W., Cleveland, Ohio 
n.avl.s, Edgar W„ "Washington, D. C. 
Oatcli, W, D., Indianapolis, Ind. 
Haggard, W. D., Nashville, Tenn. 
Tlcrtzler, Artluir, Halstead, Kan. 

Tlcyd, Charle.s G., New York City 

Kc'slor, Henry H., Ncw.ark. N. J. 
icing. Jos, E. J.. New York City 
Bcal.s, Dean, Baltimore, JId. 
I-ockwood. A. L., Toronto, Can. 

Lyons, Champ, Boston, Mass. 

MneXhler. Wm. del?., Clinpel Hill. 

McDongall, J. C.. Atlanta, Ga. 

McI/?od. James, Florence. S. C. 

Moore, .\ustln T., Columbia, S. C. 

Moore, Chalmers II.. Hirmlnglmm. 
Ala. 

Neshlt. Roed. Ann Arbor. Mlclt. 

Xea-e]l, Qidtman c,. St. Ixnils, Jio. 
Oelisner. .\lton. Now Orlcaii.s, La. 
Gwi-n, W. Barnett. Lotil.svllle, K.'". 

llaiikln. I'n'd W.. lyexington. Ky. 

Itee«e. .Mcernon H., New York City 
Smith, r, r.. Jr.. Norfolk. Vn. 

Storek. Ambrose. New Orleans, Xvi. 

Slri'.-i. An-inistii". Vlel!“l>urg. Mls.s. 

Tim-. late. Fall lUver. .Ma.‘,“, 


"Tile Operative Treatment of Vesicovaginal and Related 
Fistula." 

"Sulfanilamide In Combination "IVith Artificial Fever." 
"A Consideration of tlio Treatment of Shock." 

"The Surgeon and the pelvis.” 

"Some Experiences In the Vse of the Flexible Gas- 
troscope.” 

“The Interdependence of Surgeon and Internist.” 

"The Development of Ureteral Transplantation and 
Cy.otcctomy — Two Original Methods." 

"Experience in Diagnosing Adrenal Tumors." 
"Malunlted Fractures of the Ankle." 

"A Logical Treatment for Osteomyelitis.” 

“Penetrating Wounds of the Brain” — (co-author Dr. 

Frank H. Mayfield, Cincinnati, Ohio). 

"The Operative Treatment of Essential Hyperten.slon." 
"Bronchial Tumors. Diagnosis & Treatment.” 

"Some Observations on "Wound Healing.” 

"The Operating Room Dingno.sls of Uterine Bleeding." 

(Clinic — "The Treatment of Prolap.oc of the Uteru.s.") 
"Tlic Surgical Treatment of General Peritonitis by the 
Handley Operation.” 

"Cinepla.stic Amputation.” 

"Brain Abscess, AVlth Perforation into the Ventricle.” 


“The Surgic.al Dy.spepslas.” 

"Modern Methods In the Trc.'itment of Surgical In- 
fections." 

“The Significance of Certain Changes in Fixed Ti.s.suc 
Colls AVhIch Imparl Tissues .a Modification in Their 
Function and an Acquired Resistance." 

"Treatment of Lateral Sinus Tlirombosis Complicating 
M.astoidltlp.” 

"Non-Penctr.atlng Wounds of tlie -Abdomen." 

"The Trc.atmcnt of Fractures of the Hip Joint by Extra 
Articular Fixation wltli Adjustlble Nails." 

"The Ncxiro.surgic.al Treatment of irypcrtcnslon." 


"Some Recent Advance.s in Teclmlquo of Tnm.surethral 
Pro.sl.atcctoin.v.” 

"Tile Interposition Operation for Prolap.su.s Uteri." 
"Tlirombopldobltl.s.” 

■■M.anngeinont of Comjdlcatcd I-'raclure.o of the Foro- 
11 nn." 

"Modern Treiid.s in ilie Practice Teaching of Sur- 
gery.’ 

"Intraornlar Tumors." 

"Tliyrold.a in Tidenater. A'lrglnla." 

'*n""mcnt'"”'’'''*'' Ahdomen—Tliclr Modern Man- 


nis.'.ase uf Gall Illadder and Rile 
fesl.allons." 


Ducts— Clinical M.ani- 


"Heml.a of the Dlaiiliragm." 


Tlip pomi)kt.-(l ]iro"fnins will bp niailfd ouf between the Ifttli of Fehnnrv 
.Mill the tirst of .Mtin-h. Make plans to attemb For information write Doctor 
B. T. Eea.slcy, Sccretury-Trcasurcr, 701 Hurt Bldg., Atlanta Ga ^ ^ 
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Sccond edition. Ahoul 1216 
petes, and 1224 illnstra* 
lions. Price, S12.50. 


An Important Surgical Problem/ 
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Key & Conwell 


MANAGEMENT OF FRACTURES, 
DISLOCATIONS and SPRAINS 


sts s ?s:; ri.; S""-- '"r 
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REVIEWS OF FIRST EDITION 

"All the modern methods of treatment In general use, from 
the simplest to the most elaborate, are carefully described 
so that ovciTono. from the countrj- doctor to the specializ- 
ing orthopedist In the city hospital, will find what he needs 
to know, from the skull to tlte metatarsal bones, all ar- 
ranged In orderly sequence."— -Clinical Medicine and 
Surgerj'. 

"Kej' and Conwell have not slniplj- written one more book 
on fractures, but. after a wide revlea- of methods, have 
Judlclouslj- evaluated results and with a refreshing frank- 
ness have stated their conclusions based on personal ex- 
perience. The authors seem to have fulfilled the purpose, 
stated In their preface, of a-rltlng a book for the general 
practitioner and the surgeon as a practical working guide 
In the management of fractures, dislocations and sprains.” 
— Journal of Bone and Joint Surgerj’. 

"The best on fractures that has ever been published in this 
countrj’ and will remain the standard tor many years.” — 
Minnesota Aledlclne. 

"This book brilllantlj’ combines sound orthopedic training, 
research and teaching w’ith the treatment of industrial dis- 
abilities. This Is not Just another fracture book, but a 
brilliant and complete treatise on fractures, dislocations 
and sprains.” — American Journal of Surgerj'. 

“No hospital or doctor should be without a copy of it. if 
tliey expect to treat injuries."— Virginia Medical Monthlj'. 
"One of the most extensive ever written on this subject.” — 
Southern Medical Journal. 

"A valuable addition to the library of the general prac- 
titioner and the general surgeon, an Indispensable guide 
to the Industrial surgeon.” — Journal of Allssouri Medical 
Association. 

"The work Is exceptionally complete, covering every tj’pe 
of fracture, including the complications, with an adequate 
description of the clinical manifestations and treatment. 

— ^New Orleans Medical and Surgical Journal. 


CONTENTS 

Part I — General Considerations : Re- 
pair of Fractures; Principles of Treat- 
ment of Fractures; First Aid in Frac- 
ture and Automobile Injuries; Compli- 
cations of Fractures; Pathological 
Fractures; Compound Fractures; Dis- 
locations ; Workmen's Compensation 
Lau'; Medicolegal Aspects of Fracture 
Cases. 

Part 11 — Diagnosis and Treatment of 
Specific Injuries: Fractures of the 
Skull and Brain Trauma; Fractures of 
tlie Jaws and Related Bones of the 
Face; Injuries of the Spine; Fractures 
and Dislocations of the Hyoid, Lars'nx, 
and Tracheal Cartilages; Injuries of 
the Thorax; Injuries In the Region of 
the Shoulder Girdle and Shoulder; 
Fractures of the Shaft of the Humerus; 
Fi’actures lij the Region of the Elbow; 
Fractures of the Forearm; Injuries of 
the Region of the Wrist and Hand; 
Fractures and Dislocations of the 
Pelvis; Injuries in the Region of the 
Hip; Fractures of the Shaft of the 
Femur; Injuries In the Region of the 
Knee Joint; Fractures of the Shafts of 
the Tibia and Fibula; Injuries in the 
Region of the Ankle; Injuries of the 
Foot, 


THE C. V. MOSBY COMPANY’ 

3525 Pino Bird., St. Bouis, Mo. 

Gentlemen : Send me the new Second Edition of Key-Conwell "Management of Fractures, Disloca- 
tions and Sprains,” charging my account. The price Is fl2.50. 


Dr. 


Address 


ADVERTISEMEKTS 


19 


INDEX TO ADVERTISERS 

Please mentioti “SURGERY” when writing to 
our advertisers — It identifies you 


Alba Pharmaceutical Co., Inc. 

(Zopbiran) S 

American Hospital Supply Corpora- 
tion (Baxter’s Intravenous Solution 
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Western Journal of Surgery, Obstet- 
rics and Gynecology 10 

Winthrop Chemical Company, Inc. 
(Prontylin and Pronfosil) 1 


The publlslicrs arc not 


All possible care Is exercised In the preparation ot this index. 

responsible for any errors or omissions. 


Make a Real Reference Book of Your Journal 

rile each copy n.s soon .as received 
so It vvin be Instantly available when 
you want to refer to a recent article. 
We have secured -nhat ne believe 
to be the best hinder made for this 
punmse. It Is licht. easy to operate. 
o!'t , '’’’'dsome. and op<,‘ns perfectly 

peMpald on receipt of fepo. pith a ruar.ant<-e 
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A water-soluble vaginal jelly must possess the 
property of stabilitj’^, or resistance to decomposi- 
tion. The standard for stability of Ortho -Gjmol is 
high. The achievement and maintenance of a high 
stability factor requires the finest of materials and 
equipment and constant laboratory surveillance. 

A PRODUCT OF JOHNSON & JOHNSON 

' ' © 1038. JOHNSOr 
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EUCUPIN-PROCAINE SOLUTION 

lot lontnicctomy und hrmoiiholdeclomy 

EUCUPIN SOLUTION IN OIL 

tov rrciat turge^vY 


n\Hi: r.MKMiCAi^, incl 
Nr|»^r» Park* N.Y. 


•mil aaniiilr »f KiinipIn.Prur. Sol. 
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A water-soluble vaginal jelly must possess the 
property of stability, or resistance to decomposi- 
tion. The standard for stability of Ortho-Gynol is 
high. The achievement and maintenance of a high 
stability factor requires the finest of materials and 
equipment and constant laboratory surveillance. 
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I "^SYKTTROPAN ^ROCHE^ 

I A new non-nnrcotic synthetic substance which has a 
I definite nntispasmodic action on spastic smooth mdscle. 

I Try Syntropan, in place of atropine or belladonna, 

TO CONTHOi MUSCULAR SPASM 

PACKAGES and DOSE: For oral odmmhtrfltion, tablet, 

50rng., filled tn tubes of 20, One tablet (50 rog,) 3 or 4 times ' 
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*SYNTROPANVROCHE' 

A new non>narcotic synthetic substance which has a 
definite antispasmodic action on spastic smooth mdscle. 
Try Syhtropan, in place of atropine or belladonna; 

TO CONTROL MUSCULAR SPASM 

PACKAGES and DOSE; For oral fldmimstrution, tablet, • 

50 mg., fiHod in tubes of 20. One tablet (50 mg.)3 or 4 times ' 
a day, or as require^ For parcnfrraradmmistration (sulf- 
cutaneous or intramuscular injection) ampuls, 1 cc, each 
containing lOmg. One ampul 3 times a day, or a* required. . 

, *Tht phosphate Mlt of 
' Z-dimethyl-propiuiol eater of tropic ood. 

HOrrMANN-lA KOCHE • INC • NUTtEY • N. J. 
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SURGERY 



INTRAVENOUS ANESTHESIA 

The voluminous and increasing literature demon- 
strates that Evipal Soluble produces surgical anes- 
thesia quietly and ■without delay. Disintegration of 
this synthetic in the body is so rapid that awaken- 
ing takes place after fifteen or twenty minutes with- 
out nausea, vomiting or excitement. 

The newer refinement of administration technic — 
intermittent injection — makes it oossible to main- 
tain control of the effect of Evipal Soluble to a 
degree vrhich has been compared v/ith that of 
inhalation anesthetics. 
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EVIPAL SOLUBLE 

"Evipal'* Hog. U. S. Pat. Off. 4 Canada 

Brand ot CyClURAL SODIUM 
(Sadium talt ot U tr.rthylcycIohoifonylmoJhyJ barbjfurlc add) 

Evipal Soluble ir supplied in ampules contain- 
Inq OS Cm. and 1 Cm. ol the sterile poivdei. 

Wisic lor c copy of 

"Evlpol SotuMo, Inirnvrnous Ar.osihctie.'' 
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Mallinckrodi Cvcloprn/xiiw may also he 
obtained through the varioas <0ees of the 
Puritan Compressed Gas Corporation. 


CHEMICAL WORKS 

ST. LOUIS NEW YORK TORONTO 
CHICAGO PHILADELPHIA MONTREAL 


Effective. 

Anesthesia 

with 

AMPLE OXYGEN gives 

CYCLOPROPANE {Mnllinrhrodt) 

Wide Scope and Utility 

SinutI j»<ircontaj;4*s of aui'r^llit'lic in the l^resencc of 
exce-is oxygen characterizes the anesthesia with Cyclo- 
{irojiaiic (iMalHiiekrodt). Respiratory calmness and 
cardiac slahilitx' coniriliiilc to the ''elasticity'’ of 
Cyclopropane anesthesia. 

CVCLOPROPAMv for ANESTHESIA is relatively 
safe and widely adaplahle in competent hands. Adequate 
relaxation nnhainpered hy labored lircathing is appreci- 
ated in thoracic and abdominal surgery. In obstetrics, 
c.spccially for cesarean sections, dillicnlt forceps deliver- 
ies, and postfnirtnm repairs, the plentifnl oxygen is 
indicated. 

CYCLOPROPANE for ANESTHESIA (Mallinckrodt) 
is produced from propane hy progressive thermal 
ilichlorination according to a neivly developed process. 
Mallinckrodt has perfected a convenient container and 
recomincnds the "re-breatbing'’ and "closed cirenit” 
types of administration. 

Send for new brochure 

"Cyclopropane for Anesthesia" (Mallinckrodt) 


Protecting the Potency of Your Prescriptions Since 1867 
MALLINCKRODT CHEMICAL WORKS 

2nd & MallinckrodiSfreefs, Sf. Louis, Mo. 72 Gold Street, New York, N. Y. 

(address nearest office) 
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. Slate . 



Eye Sutures 

F ine sizes of plain, 1 0-day chromic cat- 
gut, anti black silk with small Atrau- 
matic needles. Suture length ib inches e.x- 
cept as noted. Boilablc. 




i66i...B!,uk .bilk 

..6-0 

'>-3 

1 667. -Plain Catgut 

■4-0 

»-5 

1 66;.., BI.uk Silk 

..6-0 

n-! 

1 66;.., Black Silk 

■•4-0 


1667... Plain C.iigii! 

-3-0 

•>-4 

1 669. , . I o-I)ay Catgut — 

■•4-0 

'>-5 

1 66fy... lo-D.it Catgut 

• -■ 3-0 

8-5 

166911,. lo-DayCatgiitt. ... 

■ 4-0 

8-5 

1 6691>. . 1 O'Day Catgut t 

••• 5-0 

8-5 

UOUni.K AltMIiU 


1 662... Black Silk * 

...6-0 

8-3 

1 664... Black Silk * 

...6-0 

11- 1 

i664,,.Ubck Silk* 

■••4-0 


1666.,. Plain Catgut * 

■••3-0 

8-4 

» 66S. . . 1 o-D.iy Catgut * . . 

■••4-0 

8-5 

1 668 , , , 1 0' Day Catgut * , 

•■••3-0 

8-5 

)66Sti..io-D.iy Catgut 

•••• 4-0 

8-5 

1 668 1).. lo-D.iy Catgut t , 

•••• 3-0 

8-5 

• li inelic.s 

■}■ 9 iliclies 


Package of 12 tubes of 

a kiltd . . . 

. .S4.20 


Cleft Palate and Harelip Sutures 



Thyroid Sutures 

T H ER .M 0-FLEX {r;an-boilab!t) or Claustro- 
Xherntal {boilnhl^ catgut, and black 
braided silk with half-circle, taper point 
Atraumatic needles. Suture lengthsS inches. 



T-2 

TAFEK 


KO. MmKi.vt, stir 

1653.. .Non-Boi!.ible Plain Catgut- o t-i 

1625.. .Boiluble i’l.iin Catgut o T-i 

1 624.. . Black Braided Silk 000 T-2 

Package of 12 tubes of a kind S4.20 

Plastic Sutures 

F ine sizes of Kal-dcrmic; silk and silk- 
worm gut with small, cutting point 
Atraumatic needles. Suture length 18 
inches. Boilablc. 



16; 1 . . 

.Kal-dcrmic 

8- 

16; 1 . 

Kal-dermic 

6- 

i6J2.. 

. K.al'dermie 

8 

1652. 

. .K.il-dcrmic .. 

6 

16,-2. 

. . Kal-dertiiic 

4 

16; 5, 

..Black Silk«onit. 

....4 

16;;. 

. . Kal-dcniiic. 

I 

1658. 

. . Black Silk 

-t 


Package of 12 tubes of a kind 

Other D & G Sutures 

■'1ft ftru-jk 

irp. 00 v-i QPiXTAI, ncciilcti stiturcs nrc also pre- 

1 7 ; ; . Muuiifnim-Br. :'/.- \V;;c cc.. t-i pared tor dent.'i], tonsil, circumcisson, 

t7 5t .Vd >.7 >!■; cou ... . vz obstetrical, ureteral, renal, nenc, artcrv, 

'lit \V;:c co ,1-4 .ttui cmergciicv Work. These are in .'tdditir.n 

t''s, V ■ " " (■ \V our complete line of iitinccdied sutures 

' ' ' «'»hracing catgut, ribbon gut, kangaroo 

,, , tendons, .and a varictv of other tion-ab.sorb- 

1 o; I ’ tubes Ut .= Imd .<4.20 

pi.'u:or:,'rs o,v zii-'JXTirif:s 

UVVVIKLU STKKKT. niiOOKLYX. NKW YORK 

' r ■' **•«.» A i'n-At* u V. 5. A. 
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Special fSutu/ud 

WITH SWAGED-ON ATRAUMATIC NEEDLES 

• 

'''T^IIKS group of Jiroducts comprises over a hundred suture and needle 
romhinations specially designed for specific procedures, particularjy 
tliose in which niinimi/.cd suture trauma and the convenience of needles 
which cannot possibly become unthreaded, are desirable. A few products 
from this grouj) are shown on these pages. Full information on others 
may he obtained from your dealer or by mail from us, upon request. 


Intestinal Sutures 

K ALMKKID plain or chromic catgut, 
celluloid-linen or silk with Atraumatic 
needles in the several types indicated inte- 
grally affixed. Suture lengths: 36 inches for 
products 1342, 1352, 1372 and 1542; all 
others 28 inches. 

T H i: R M 0 - F 1. 1! X (non-hothMc) 

Plain Catgut: 


N'O. S'CtrSDLB tK>ZKS 


1 501 ...Straight Needle A-l.. 

....?3.6o 

1 303...%-Cirele Needle ''-3-- 

4.20 

1 504... Small '/2-Circle Needle... A-4.. 

4. 20 

I 50 5... 'A -Circle Needle A-5.. 

.... 4.20 

20-Da)’ Chromic Catgut: 


I 541 ...Straiglit Needle A-l.. 

....$3.60 

I 542...TWO Straight Needles A-l .. 

4,20 

1543 ...%- Circle Needle ^'3 

4.20 

1 544. ..Small 'A-CircIeNccdle...A-4.. 

4.20 

I 545...'A-Circle Needle A-5... 

4.20 

CLAUSTRO-THERMAL (bailable) 

Plain Catgut: 

I 301 ...Straight Needle A-i... 

...5:3.60 

i303...%-CircJe Needle a-j... 

... 4.20 

1 304. . .Small V^- Circle Needle. . .A-4. . , 

... 4.20 

1 305. .. 'A- Circle Needle A-5... 

... 4.20 

'lO'-Day Chromic Catgut: 

1341.. .Straight Needle a- i . . . . 


I 342. . .Two Straight Needles a- i 

. . 4.20 

1343...%-Circle Needle A-3 

. 4.Z0 

I 3 44... Small hi- Circle Needle.. .A-4 

. 4.20 

1 345.. . “Circle Needle A-5 

. 4.20 


Intestinal Sutures f cont’d ) 

Celluloid- Linen : 

NO. NnivDLK DOZKN 

1 35 I ...Straight Needle* a- I $3 -do 

1 3 5 2 .. .Two Straight Needles * . . a- l 4. 20 

1 354. . .5mall 'A-Circlc Needle*. .A-4 4.20 

Black Silk; 

1371.. .5traight Needle * a- I S3 ■ 6° 

1 37 2.. . Two Straight Needles *..a-i 4.20 

1374. . .5mall '/2-Circle Necdle*..A-4 4.20 

Sizes : 00 . . 0 . . i , except * 00 . . 0 only 


In packages of 12 tubes of a kind and size 







@ / 

OvD , 

\- 

(§i\ 











|®«itrpocfcr^;/ ®®»»*ainor$g J,.^ 

rr.'^B °'^Sor £3„,* j *■ ’’CncwnUi.^ •.^'^>utc „ 


I ~HSl;?S5SE-i 
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“A balance of qualities...” 


NEW types and varieties of sutures are 
constantly needed to meet advances in 
stirf'ery, but the fundamentals of suture 
dependability remain unchanged. 

Sutures still should be not only easy to 
handle but correct in every phase of be- 
havior. No single feature nor point of 
merit can accomplish this ... it demands 
a combination of various qualities. 

Therefore, in every new product and in 
every development by our scientific staff 


the first concern is a proper ratio of vital 
characteristics. 

The special feature of each product is 
developed to the highest degree, but always 
with due regard to other qualities equally 
essential to correct function. 

This policy, which involves the annual 
consumption of more than 250,000 tubes 
in experimental work and tests, gives as- 
surance that D & G Sutures invariably pos- 
sess the correct balance of qualities. 


DAVIS & GECK, INC. 




BKOOKEYN, NEW YORK, U. S. A. 
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SURGERY 

CONTENTS FOR MARCH, 1938 

Original Communications 

UlTccI of the Voliitllo In Ftiilil IiiIcKtInnI Contents on Dobs tVIth I,on' 

Itil<-,tiiiiil OliKtriictlofi. .fames S. llililmril, Jf.D., Jt.S. in SiirBerv 
WIeliltn, Knn., nn<l Ariiotil , 1 . Kremen, M.li., n.S., Minneapolis, Minn. 

.\eiite Intestinal Obsiruellon. 1. The Rtilc of Bacteria in Closed .Tcjan.al 
I, oops. .Sarah Ilnereni, B.S., G. M. Ilaeic, M.I>., I'h.IJ.. and Harwell 
IVlison, M.n., Cliieapo, III. 

Aeiile Inleslinal Ohslrarlion. II. The I’ermenhilit.v of Ohstriieted Bowel SeB- 
ments of Dobs to ‘‘Clostrldlnm hotiilinum” Toxin. Sarah Ilaercm, B.S., 
fi, 31, DiirK', 31,1)., xind P. Pmerstedt, 31, D., PJi.l)., 

rhiritRo, III. - 

Pnonnioprrltonouin In Perforations of the OastrolnlostSnnl Tract. J. Knndolph 
IMilnc, 31.1)., and Leo <». Uif;tcr, 31.1)., 3Ilnnonpolls, 311np. 


l*cptlc Ulcers Pollowinj: Uxpcrliiiciitnlly Produced Obstructive »Taiindicc, War- 
ren If. Hebert, 3f.I)., Itocbe.ster, 3Iiiin. * 

DirTiiso, Cavernous lIematt)?!onin of the ncctiim. Uouls A. lUilc, 3r.D,, and 
Jerrold 1*. Nesselrod, 31.1)., Uocliester, 31inn. 

Subpbroitlc Abscess. U. .1. Gojrol, 3f.l)., I.o.s Angeles, Calif, — 

Urethral irrinary Kxlravasatlon, Nelse F. Oelcerblad, 31.1)., and Ifjnlmnr 
U. Carlson, 31. T)., Kansas City.... ... — .. — . — 

Concerning llennl rnncflon and Structure Followinir Trauma of the Kidney. 
.John H. Powers, 3t.I),, Cooperstown, X. Y, - — . — — — 


Newer Concepts In the Treatment of Injuries to the Xiffnments of the Knee 
.Joint: an Kvnluntlon of the 3rnurk Operation. 31. Thomas IIorwitT:, 
31.!)., and Arthur .T. Davidson, 3I.D., Philadelphia, Pn. 

I’osterior Dislocation of tho First Cervical Vertebra IVIth Fracture of the 
Odontoid Process. Kudolph S, Reich, 3I.D., Cleveland, Ohio 

lEectovaf:inal Cloaca. Charles ^V. 3Iayo, 3I.D., and IVinfield U. Bxitsch, 31. D., 
Rochester, 3linn. - — — . — — 


Editorials 

Opporliinillrs for Grndiinfn Tralnins In Surserj-. Elliotl C. Culler, M.B., 
J3oston, 3Iass. 

Ix .IiidBnicnt Neeessiirily Innrtlenlnte? Edwin B. Echmnn, M.B.. University. 
Va. 

Recent Advances in Surgery 

Becent Advances In the Study of Burns. Henry X. Harkins, M.D.. rh. P., 
Chica^TO, 111. — 

Review of Recent Meetings 

Beport of tho Borty-Seventh AnnunI Mcetins: of tho Western SiirBical ^sso- 
ciiition, Indlnnnpolls, Iiid., IJec. S and 4, 1037. IVarren H. Cole, M.JJ., 
Chicngro, III. 

Review of the Southern Surg^lcnl Association Sleetinp, Dec. 7-9, 1937, Birming:- 
Iinm, Ain. Howard R. Slaliorner, 3f.D., New Orleans, Xa. 


Book Reviews 


Book Roviows 


Pine^BI?^; St Mo*' Mosby Company, 3523 

Countries, $10.00 a year* States, its possessions, Pan-Amcrican 
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FOR 

MORPHINE 



I N those cases M'lierc il is 
desirable to avoid tlic 
adiiiinistratiofi of tnorphinc, pliysiciaiis 
have often found Cibalgine to he a 
valuable alternative. 


Even post-operative pain, the grinding 
pain of fractures, and the stabbing pains 
of tabes or malignant tumors, arc relieved 
by CiBALGiNE, "Ciba". 


Freedom from day-after effect or tend- 
ency to habit formation, combined -with 
prompt and prolonged effectiveness, rec- 
ommends CiBALGiNE, "Ciba”, for pain 
relief and sedation in all ailments. 


It is essentially safe and suitable for 
pain characterized by periodicity, such as 
migraine, dysmenorrhea, nervous insom- 
nia, etc. 




TABLETS 


ELIXIR 


AMPULES 


CIBALGINE 



Aa., 


U n p rotectet 
c,ise. Note large 
ntimbers of free 
bacteria and 
refatively few 
p 0 lymorpho- 
nuclears. Sub- 
ject died. 


I 

IJactrageii-pro- 
tected cajie. Poly- 
tn o r phon uclears 
mobilized by Bac- 
tragen have in- 
gested all free 
bacteria. Subject 
recovered. 
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Peritonitis can be prevented 
more easily 
than it can be cured 


Despite the mo.st careful precautions perito- 
nitis may develop in abdominal surgery. 

To conquer it — prevent it , in every case. 
Coli-Bactragen, Steinberg, mobilizes a great 
army of polymorphonuclears at the site of 
possible infection — prevents multiplication of 
bacteria and the production of toxins. 
Bactragen is convenient to use . . . just pour 
it into the peritoneal cavity before closure. 
It evokes maximum protection in three hours 
and the peak of effectiveness lasts for three 
days. 

The following references give the clinical and 
e.xperimental background of Coli-Bactragen. 


BEFEBENCES 


1. The reuse of death in acute diffuse peritonitis. Bern- 
hard Steinberg;. Archives of Surgery 25:145, 19$ I- 

2. Protection of the peritoneum against infections. Sicin- 
berp, JJe/’nJj.'ird and Goldblait, Harry. Surgery. Gyne- 
cology and Obstetrics 57:15, 1933. 

3. The cTpcrimcntai background and the cfinic.if .applicn- 
tion of the Escherichia Coli and gum tragacanth mix- 
ture (Coli-Bacirapeiv) in prevention of peritonitis. 
Sieinbcrg. Bernhard. American Journal of Clinical 
Pathology 6:253, 1936. 

4. The cardiovascuLar system in protected and unprotected 
animals with acute diffuse peritonitis. Steinberg, Bcrn- 
hurd and Kob.acfccr. J. Lester. Jonrn.il of Laboratory 
and Clinical Medicine 20:1180, 1935. 

5. The one stage procedure of the treatment of carcinoma 
of the rectum. Collcr, Frederick A. and Ransom, Henry 
K. Annals of Surgery 104:636, 19.36. 

6. Peritonitis — Horsley, J. Shelton. Arch, of Surgery 
36:217, 1937. 

7. Operative Surgery. Horsley & Bigger. 4th Edition, 
Rlosbj’. Page 970, Vol. II. 


Reprints of articles 1 to 5 incl. .ire available on request. 


AMERICAN HOSPITAL 
SUPPLY CORPORATION 

CHICAGO NEW YORK 


POET 

When the impulse to defecate is lessened due to improper diet or lack of 
discipline, the fecal matter usually becomes dehydrated and impacted in the 
bowel ... To simplify the problem of bowel regularity, Petrolagar may be 
prescribed to advantage, as it assists in the regulation of bowel movement. 
Petrolagar mixes intimately with the bulk of the stool to induce a soft, easily 
passed mass. By reason of its pleasant taste and mild but thorough action, 
Petrolagar is agreeable to patients of all ages . . . Five types of Petrolagar 
provide a choice of laxative medicaUon suitable for the individual patient. 
Petrolagar Laboratories. Inc., 8134 McCormick Boulevard, Chicago, Illinois. 

Pdraltisjr — IJqiiiil (ictrolatum 65 rc. cmulsifiri! 
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FOR 

MORPHINE 



I N liiose cases where it is 
desirable lo avoid the 
administration of morphine, physicians 
have often found Ctb.vlgine to he a 
valuable alternative. 

Even post-operative pain, the grinding 
pain of fractures, and tlic stabbing pains 
of tabes or malignant tumors, are relieved 
by CiBALGiNE, "Ciba’‘. 

Freedom from day-after effect or tend- 
ency to habit formation, combined with 
prompt and prolonged ciTectiveness, rec- 
ommends CiBALGiNE, "Ciba”, for pain 
relief and sedation in all ailments. 

It is essentially safe and suitable for 
pain characterized by periodicity, such as 
migraine, dysmenorrhea, nervous insom- 
nia, etc. 




tablets 


ELIXIR 


AJIPULES 


CIBALGINE 






■fp. 


Baclr.Tgen-pro- 
tected case, Poly- 
morphonuclcars 
mobilized by Bac- 
frapen have in- 
gested all free 
bacteria. Subject 
recot’ered. 


U n p rotected 
case. Note large 
numbers of free 
bacteria and 
relatively fen- 
poly morpho- 
niiclears. Sub- 
ject died. 
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i I Peritonitis can be prevented 
more easily 
than it can be cured 

Despite the most careful precautions perito- 
nitis m.ay develop in abdominal .surgery. 

To conquer it — prevent it .. . in every case. 
Coli-Bactragen, Steinberg, mobilizes a great 
army of polymorphonuclears at the site of 
possible infection — prevents multiplication of 
b.icteria and the production of toxins. 
Bactragen is convenient to use . . . just pour 
it into the peritoneal cavity before closure. 
It evokes maximum protection in three hours 
.md the peak of effectiveness lasts for three 
days. 

The following references give the clinical and 
experimental background of Coli-Bactr.agen. 


BEFEKENCES 

L The cause of dc.illi in aculc difTusc pcrilomiis. Bern- 
hard Stcinberp. Archives of Surgery JJ:I4S. 1951, 

2. Protection of the peritoneum against infections. Stein- 
berg, Bernhard and Gnfdblaic. Harry. Sarpery, Gj'ne- 
cology and Obstetrics 57:15, 1933. 

3. The experimental background and the chnical .ipphca- 
lion of the Escherichia Coli and gum trnpacanth rnix- 
turc <Coif-Bacrragc«> in prevcuiion of perironiris. 
Steinberg. Bernhard. American Journal of Clinic.'tl 
Pathology 6;-53, 1936. 

The cardiovascular system In protected .md unproicctcd 
animals with .rente diffuse pcriionjii-'^. Sicinbcrg, Bern- 
Irnnl and Kobackcr, J- Lester. Journal of Lal>or.itory 
and Clinical Medicine 20:1180. 19.5?. 

5. The one stage procedure of the treatment of carL-inoma 
of the rectum. CoUcr, Frederick .\. aud Ransym. Heurj' 
K. ,\«nals of Surgery 104:636. 1936. 

6. Peritonitis — Horsley, J. Sliclton. Arch, of Surgery 
36:217. 1937. 

7. Operative SvTpcry. Horsley Si Bigger. 4i!i Ldition. 
Mosby. Page 970, \^ol. 11. 

Reprints of articles 1 to S inch are available on request. 

AMERICAN HOSPITAL 
SUPPLY CORPORATION 

I CHICAGO new YORK 
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/le55 HOSPITALIZATION 

Mote Cash in the Hospital's Banls Account 

The use of Champion Serum-Proof Silk Sutures decreases the days 
required for tissue healing— hence, less cost for hospitalization. 

This is still another reason why Champion Serum-Proof Braided 
Sdk Sutures are the least costly suture material available for internal 
or skin suturing. It is non-acid, non-irritating, benign to tissue, 
strong, supple. 

Free Operating Lengths on Request 
State Sizes Desired 

OUDEBROD BBOS. SILK CO. 

FoundedJB70 PHILADELPHIA, PA. 

HEW YORK CHICAGO LOS ANGELES BALTIMORE 



Sixth Revised Edition 


The Technic of , * * 

LOCAL ANESTHESIA 

284 pages, with 142 illustrations. Price SS.OO. 

By ARTHUR E. HERTZLER, A.M., M.D.. Ph.D., LL.D., F.A.C.S. Professor 
of Surgery in the University of Kansas. 


Titis work differs essentially from other books on local anesthesia in that it recom- 
mends the use of minimum amounts of solution, not because of safety, but because 
a more accurate technic is possible. The author advocates infiltrative anesthesia 
rather than regular blocking because constriction in vessels is secured thereby, 
which aids in exact anatomic operating. 


Contents; Drugs Employed. Technic of Administration. Minor Operations. Oper- 
ations on the Scalp, the Cranium and Its Contents, Face, Jaw and Tongue, Ear and 
Mastoid. Injection of the Trifacial Nerve for Neuralgia. Block Dissection of 
Cervic.il l.ymph Glands and of the Bucc.il Soft Parts. Operations on the Thyroid 
Gland, the Tonsils. l.arynx and Trachea, the Mammary Gland, the Thorax, Lungs 
.and Spine. Abdominal Operations. P.iravertchral and Splanchnic Anesthesia. 



The C. V, Morby Company— Mtdie.il Publishers— St. Louis. Mo. 
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Jle55 HOSPITAIIZATIOIM 

Cash in the Hospilal's Banli Account 

The use of Champion Serum-Proof Silk Sutures decreases the days 
required for tissue healing— hence, less cost for hospitalization. 

This is still another reason why Champion Serum-Proof Braided 
SiUc Sutures are the least costly suture material available for internal 
or skin suturing. It is non-acid, non-irritating, benign to tissue, 
strong, supple. 

Free Operating Lengths on Request 
State Sizes Desired 

GUDEBROD BROS. SILK CO. 

Founded 1870 PHOADELPHIA. PA. 

NEW YORK CHICAGO LOS ANGELES BALTIMORE 



Sixth Revised Edition 

The Technic of * * * 

LOCAL ANESTHESIA 

284 p.iKes, with 142 illustrations. Price S5.00. 

By ARTHUR E. HERT2LER, A.M.. M.D.. Ph.D., LL.D.. F.A.C.S. Professor 
of SurRcry in the University of Kansas. 

This work differs essentially from other books on loc.il anesthesia in that it recom- 
mends the use of minimum amounts of solution, not because of safety, but because 
a more accurate technic is possible. The author advocates infiltrative anesthesia 
rather than rcp.ular blocking because constriction in vessels is secured thereby, 
which aids in exact anatomic operatinR. 

Contents; Dnips Employed. Technic of Administration. Minor Operations. Oper- 
ations on the Se.alp, the Cranium and Its Contents, Face, Jaw and Tonpuc, Ear and 
Mastoid. Injection of the Trifacial Nerve for NcuralRia. Block Dissection of 
Cervical Lymph Glands and of the Buccal Soft Parts. Operations on the Thyroid 
Gland, the Tonsils, Larynx and Trachea, the Mammary Gland, the Thorax, Lunps 
and Spine. Abdominal Operations. P.rravcrtcbral and Splanchnic Ancsthcsi.i 
Sacral Blocking and Transsacral Anesthesia. Spinal Anesthesia. Operations on 
ItiRUin.nl and Femoral Hernias, Umbilical Hernias. Hernias of the Linca Alba and 
Sc.u Hcm!.ats; on the Penis and the Scrotum and Its Contents; on the Urethra 
llladder an<l PfOM,ye; on the Female Orftans; about the Rectum: on the Upper 
and Lower Extremities. Intravenous Anesthesia. 

The C. V. Mosby Company— Medical Publishers— St. Louis. Mo. 
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SUUGERY 


The Western Journal of Surgery, 
Obstetrics and Gynecology 

Official for 

THE PACIFIC COAST SURGICAL ASSOCIATION 
and 

THE PACIFIC COAST SOCIETY OF OBSTETRICS AND GYNECOLOGY 


Focuses Special Accomplishment of IFesIern Organizations 
Gives liberal space to 

Original Papers— Discussions— Clinical Procedure — Professional Arts— Edito- 
rials — Book Reviews — ^Abstracts of Current Literature 


Publishes papers toith discussions of 
American Association for the Studj’’ of Goiter 

Indispensable to specialists and practitioners who insist on 
comprehensive coverage of the better Journals 


Cliurlus U. Mayo 
llowtird C. Knn‘zlK:<*r 
Oenn licwis 
Dnvls 

^VuiUwo 7. Torrj- 
Frtiiik W. Tjyiicli 
C. Fred Fluhmann 
C*. Alexiindor Hcihvi); 
Arnold iTncUson 
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•T. IjOuIk Knnb'ohoir 
W. O. TUompHon 
ISdivin I. Bnrtlett 
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Dndwlir Fraenkcl 
Paul F/othoir 


Some Current Contributors 

Frank 1-nliey 
•lames C. Masson 
Kmilo Ilolmnii 
Kmmct Hlxford 
Morris SJemons 
lloffcr Anderson 
Alex. H« Peacock 
Svnilnm Francis UienliofT 
Kiclinrd B. Cnttell 
Rc{rlnahi If. Jackson 
Car! A. Ilcdblom 
Claxoneo Toland 
Kdward N. Kwer 
Alice Maxwell 
Caspor W. Sharpies 
llomcr AVoolsry 
B. D. Forbes 
U. H. Senriei 
Fdmiiiid BntU'r 
Casper llecnor 
Gcorpo Swift 
J. Zx. Buhls 
A. Aldridjro Matthews 
Gcoriro Thomason 


William Mtiyu 
E. Starr Judd 
Herbert Erans 
J. B. CoUlp 
Stuart JlarrJnirtoti 
liUdwip A. EmiTG 
Michael Mason 
Alfred W. Adson 
Wilder Pcnftold 
WInchcH McK. CraJir 
Charles T. Sturcjron 
Bylo O. J^fcNello 
Kichard J. O'Shea 
Donald V. Tnicblood 
Thos. F, Mullen 
Martin Nordlanil 
David C. Straus 
Georirc M, Curtis 
John deJ, Pemberton 
Karl A, ^feyer 
Urban Maes 
Albert Mnthieu 
Oran I. Cutler 
John Kuddock 


To Advertisers 

Specific and effective Western coverage. 

Subscribers and supporters are personally interested and friendly. 

Ask any of our advertisers and write us for rates. j 

" (Surgery) 

To the Circulation Manager 

Western Journal of Surgery, Obstetrics and Gynecology 
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HFF]5CT OF THE VOLATILE BASE IN FLUID INTESTINAL 
CONTENTS ON DOGS WITH LOW INTESTINAL OBSTEUCTION 

Jamks S. Hiuuaiu), il.D., II.S. ix Surgery, Wichita, ICvx., axd 
Auxom) .7. IvREMEx, j\r.B., B.S., jMixxeapous, JIinx. 

(From Ihc Department of Surgery, University of Minnesota) 

T N THE iiteraliU'C theories as to the cause of the symptoms and death 
A in eases of meelianical ol)stniction are inimerons. Some writers liave 
accepted tlic dictum that a toxic substance wa.s present in tlie intestine. 
As a result there have been thorougli investigations of the fluid con- 
ients of the bowel to ascertain tlic existence of such toxins. 

In a ])rcvious study one of the aullioi's (J. S. II. .showed that the 
gases occurring in low ileal obstruction could not cause symiitoms of 
toxicity, i)rovide(l tlieir percoiilagc was not greater than that found in 
simide ob.sti-iiction. 

1 he a])))caranco of the volatile ba.sic grou]) of gases was entirely un- 
expected, since they had not been previously reported. Although this 
giouj) of gases was Iiarndess. added information consisting of an investi- 
gation of the voli'itile basc.s of the fluid content.s, .since thev were in all 
proliai>ility tlie direct precui-sors of the gases, ai)peared to be im]iortanl. 


EXIT.RIMr.NTAl. M.ITEJtlAt. AND MimiOU.S 

tin* tlviid content.s oi the obstructed intestines were collected iimnc- 
di.'tlely following dcjith of tlie animal for analysis. 

The total amount of volatile b.asic .suiistance was determined by using 
a hnown amount of fresh contents from obstructed bowels and diluting 
with -JUO e.e. of distillcil water. To this was added 2 gm. of ma-mesiuin 
oxide to ,„ak.. the solution alkaline. The distillate from this mixture was 
tr.-.lUHd u> ahmwMi amount of .standard acid (oue-tentli normal H SO 1 
''hmh was th. n titrated with a standard ba.se (one-tenth norma! NaOnV 
nsn,g or.inge as an indicator. The decrease i„ acid Is equivalent 

r.'.' h. J ;,-r f.. .Vovr'jigrr J?. jj;:. 
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to Iho iiinoniil of volatile base in the intestinal contents. In onr sfiulv 
the jjci'conta're of volatile ba.se is calcnlalecl on the ba.sis of nmmonin 
eiinivalent to the deei’Ca.se of .stajnhird acid, althonsh ncluiilly this is 
only about bO [lei- cent ammonia. 

1’he ammonia vas determined by Ihoronghly mixing- the distillate 
n-itb Permntit, decanting the supernatant, .solution, and wa-sbing the 
Pcrmutit with distilled water. Alkalized water (NaOH) was then added 
to i-elca.se the ammonia, the solution was Nesslerized and compared eolor- 
irnetrically with a standard ammonia solution similarly Ncsslcrized. 
Qualitative tests for ])rimary, secondary, and tertiaiy amines were made 
on the ammonia free portion by the method described by Hinbnrg.” 

Hydrogen ion concentrations were determined with a Leeds-Nortlirnp 
qninbydrone electrode. 

Distillates for inicetion into normal dogs were made by adding magne- 
siinn oxide to intestinal contents of obslrneted dogs and employing steam 
distillation.. In this way the necessity of trap])ing the distillate, as was 
described above in the analy.sis of the conlenl.s, was obviated. 

The volatile base which developed in the fluid contents of tlie small 
1)owcl was investigated by four types of experiments. 

In Group A simple mecbaiiieal obstruction was produced in S dogs by 
dividing the intestine at the ileocecal .innetion and inverting the ends. 
The animals were given a mixed diet before and after the operation. 
At intervals of from tliree to nine da.A's they were killed and the intes- 
tinal fluid wa.s Tcnioved for study. 


Table I 

Gaour A. — Snrri.E Ileal Obstruction 


AKI^rATv 

NO. 

WEIGHT 

POUNPS 

FIVW CON- 
TEXT or 
BOWEL 
CONTEXT 

^’OLATTLE 

BASE 

PEK- 

CENTAGE 

pn 

BURATIOX 
or EX- 
PEraMEXT 
BAYS 

CONDITION 

or 

ANnrAL 

22 

2t 

32 

.34 

35 

.30 

101 

42 

55 

20 

32 

.14 

.30 

.32 

35 

42 

119S 

.ISO 

200 

400 

7.10 

0.4 1(> 

0.34 

1.23 

1.60 

1.45 

1.01 

1.30 

0.14 

7.3 

7.5 

7.5 

9 

fi 

T 

0 

6 

o 

ij 

Good 

Fail- 

Dead 

Good 

Poor 

Good 

Poor 

Good 


In Gi’oixp B long closed loop (127 to ITS cm.) obstructions were studied 
in 4 dogs. Tlie obstruction was done in two stages, first leaving the 
distal end of ttie loop open as a blind enterostomy; and at tlio .second 
stage 50 to 100 c.e. of intestinal contents taken from an ileostomy, per- 
formed on a normal dog, were in.-ieeted into the loop, after wbicb the 
obstruction was completed. 



IIIllHAHn AND KKKMKN : 


voi.ATriJ-; iJASi: ix inti^stinai^ contiints 


Taiii.i; 11 

Ol’.ntT B. — Cl.d.SKIl Loop OllSTIUTTIDN- OV SMAIA, INTKSTINK 


ANIMAT, 

NO. 

wkigiit 

l^orNDS 

rLl-n^ 

roNTKNT or 

llOWKL 

rONTKNT 

YOlATH.r. 

jtASi: 

rn:- 

rrNTAGK 

pit 

la-K.VTION 

or 

Kxrr.mMF.NT 

PAYS 

('ONDITION 

or 

ANIMAIi 

J*.* 


22.a 

o.:’.s 

- 

o 

tiood 

27 

:t7 

_ 

1.0 

- 

2.S 

Dead 

'iS 

55 

ir.n 

o.:f7S 

- 

(•> 

Poor 


■I 2 

1(1.70 

0.2.74 

- 

»» 

Good 


KtTECTS OK A I’ltOTEIX DICT 


'S.hmy wrilors Jivo of the opinion Hint a diet eoiisislino only of meal 
eatises early deatli in intestinal ohstrnction. On aecoiinl of this belief, 
fij'oii]) (’ do"s (7) were oiven a jnire meat diet lyefoiv operation and 2 
dnos were uiven a relatively meat-free diet. They were autopsied im- 
mediately following death and the Ihiid eontents were analyzed. 


T.miu; m 



(icoiir ('.• 

—Krrr.iTS 

or PCOTKIX- 

o 

•■1 

SlMPI.i; Il.KAI; 

. OliSTUCCTIOX' 


an- 

imat. 

NO. 

ItfKATI'iN 

M'KKjirr or 

roKNits i.in: 

PAYS 

niKT* 

rixw 

rONTKNT 
or IlOWFJ. 
CONTF.NT 

YOI.ATII.K 

hast: 

1 I’Ki:- 

iT.STAOr. 

Nil, 

vi:\> 

n:sT.\v,i: 

pit 

IIS 

■It 

;; 

Meat 

::oo 

().4;’. 

0.212 

7.0 

im 


;; 

Meat 

400 

0.47(1 

0.2SS 

- 

^41. t 

.■|2 

5 

Meal 

• 

- 

- 

7.S 

i2;t 


1.2.7 

Meat 

‘J.'id 

n.ia 

0.24 

- 

121 

.'.(( 

2..7 

Meat 

70(( 

((.:!2.7 

O.IS 

7Xi 

12(1 


:: 

Meat 

700 

o.r.d 

- 

- 

11(1 

■IS 


:t(M> 

0..71'.( 


- 

121 


. 1 

Xo 

Ttui 

0.- 

o.n 


117 

1 1 

21 

X«» nn'!tt 

1700 

o.ri'i'j 

0.01 t 

- 

•iJI' t >vnH for Ihn 

Ud- «*xp4'rlnn ntr»I unlfnul. 

••• iT'iy.H pr 'vlc*!*^ to :in<l r 

onliriutdl tihTil 

.l.sitl, cf 


•ro.Nie r.i'naws or Tin: voi.atii.k. itAsiy 

Since .Miiiii- anlliors uphold tlte toxic theory, it was thoneht advisable 
to test the toxicity of the distillate l•ontainine the volatile bases, as com- 
pared to the volatile base free residite (Table V '. Tin- all;a^nni^■ of the 
distillate was so liieh that it was necessary to lower it. by the ad<lition 
of liydrocldoric aeid, to about a pll of S which is the hwel occnrritie at 
d's'ilh in simple mccliaiiic.al obstiiiction. In d does the sf;mdardi;’>'d 
dtstillat<- ^^as injecte*! into lone elosci} luops exp.ndine from the duo- 
dcmim to the ih iim In order to obviate the tension factor in the loop, 
d .levs winch hail cMndcnoNtomies with eh-siire of the dispd end Weiv 
oio;,e,c!,d at the ilcocc;,] jniiction and ile- distsUatc was injected into 

d loop withoni force. In hoc; Idv iari;. ammud of 

d-s-.in;.!c w.:s eontinmdly irneated ilnotieh the small intestine, beino 
n.-. ;ted ih.ronel, dia-h e.a! title ;,tid collected by an ib al tnb,-. 
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fo llio amount of voJalilo 1)asc in llie inlostinai contents. In our nUidv 
llm j)eroi!)itaj;o of volafilo i)a.S'e is calculafocl on the basis of ammonia 
equivalent to file deei'case of standard acid, alfhon;^li actually this is 
only about bO jior cent ammonia. 

'I’lie ammonia was determined by thoroujilily mixinji llie distillate 
with Permutif, deeantiiifr the supernatant solution, and washing the 
J’ermulif ivifli distilled wafer. Alkalized water (NaOII) was then added 
to release the ammonia, the solution was Nesslerizcd and compared color- 
imetrieally with a standard ammonia .solution similarly Nesslerizcd. 
Qualitative tests for primary, secondary, and tertiary amines were made 
on the ammonia free portion by the method de.scribed by Hinlmrg.’^’ 
Hydrogen ion coneentraf ions were determined with a Lceds-Nortlirnp 
qninhydronc electrode. 

Hisfillafcs for in.icetion info normal dogs were made by adding magne- 
sium oxide to intestinal contents of olrsti-ueted dogs and employing steam 
distillation., .In Ibis way tbc nece.s.sity of trapping the di.stillate, as was 
de.scribed above in tbe analysis of tbc contents, was obviated. 

The volatile base which developed in the fluid contents of the small 
bowel was investigated by four types of experiments. 

In Grouj) A simple mechanical obstruction was produced in S dogs by 
dividing the intestine at the ileocecal pniction and inverting the ends. 
The animals were given a mixed diet before and after the operation. 
At intervals of from three to nine days they were killed and the intes- 
tinal fluid was removed for study. 


Taiilk I 

Gi;oi:r A.— Sn^rraE Ir.EAi. Obsthuctiok 


ANntAT. 

NO. 

WEIGHT 

rOUNDS 

feuid con- 
tent OF 

BOWEL 

content 

VOLATII.E 

BASE 

PER- 

CENTAGE 

pn 

DURATION 
OF EX- 
PERIATENT 
DAYS 

CONDITION 

or 

animal 

09 

55 

H9S 

0.416 

- 

3 

Good 

24 

26 

3S0 

0..S4 

- 

0 

Fair 

32 

32 

_ 

1.23 

- 

C 

Pe.ad 

34 

.34 

200 

1.60 

- 

7 

Good 

35 

36 

400 

1.45 

- 

5 

Poor 

3G 

32 

7.10 

1.61 

r.3 

6 

Good 

101 



1.30 

7.S 

0 

Poor 

42 

42 

-■ 

0.14 

7.5 

5 

Good 


In Group B long closed loop (127 to 178 cm.) obstructions were .studied 
in 4 dogs. The obstruction was done in two stages, first leaving tlic 
distal end of the loop open as a blind enterostomy; and at tlic second 
stage 50 to 100 c.c. of inte.stinal contents taken from an ileostomy, per- 
formed on a normal dog, wez’c injected into the loop, after wbicb Ibo 
obstruction was completed. 



niUIJAItl) AND KREMEN: VOEATIEE BASE IN INTIiSTINAE CONTENTS 329 
INTLUENCE OF PROTEIN DIET 

Since Whipple'- and his coworkere have demonstrated that there is 
an increased destruction o£ protein in intestinal ohstniction, a prepon- 
derance of volatile bases Avould be expected to occur in animals fed on 
a meat diet. However, these experiments (Group C) show the concen- 
tration to be only slightly greater than that observed in dogs receiving 
an ordinary diet (Groups A and B), although much greater than in two 
animals fed a relatively jirotcin-frec diet (Nos. 121, 117). 

In this group the fluid contents were further analyzed for ammonia, 
^n-imary, secondary, and tertiary amines as prcviou-sly described. The 
results .showed tliat the percentage of ammonia consistently amounted 
to about one-half of the volatile basic group. The remaining one-haK 
gave positive qualitative tests for primary and tertiary, but negative 
reactions for secondary amines. 

One of the important deductions to be derived from this group is that 
the animals not only showed earlier signs of toxicity, but that their 
length of life was greatly shortened. The average was three days as 
compared to seven days in dogs fed ordinary diets. One dog receiving 
a relatively meat -free diet lived twenty-four days. 

It appears, therefore, that the end-products of protein putrefaction, 
if not primarily responsible for the cause of death in low ileal obstruc- 
tion, certainly accelerate a fatal outcome. If the former instance were 
true, it may be concluded that when the percentage of volatile bases 
reached a certain fixed concentration, death occurred. Moreover, the 
high percentage of volatile bases found after death or when the fluid 
contents were allowed to stand, showed that the chemical action did not 
stop when it reached the antemortem level. But inasmuch as some of 
the dogs, with average volatile base levels, were in excellent condition 
when sacrificed, some other factor must serve in combination with the 
volatile basc.s. 


sioNincANcr. or the u-ion coNrENTK.mox nr the iT.nn roxTi:N'TH 


It lias prcviou.dy been shown' that, in contrast to the aeid reaction 
of iiorntal intestinal conlcnts as described by McGlcndon, Shedlow, and 
Kavpinan.’' Thompson.'’ Orayzcl and Miller.* Graham and Emery' the 
contents of the okstnicted intestine were allmline. It was also demon- 


strated that tlic .'ilkalinily of the tbiid contents increased in jiroiiortion 
t<t the duration of the obstruction until it reached its maximum, a pll of 
about s. jnst bcf.ui- death occurred. After death or if the contents 


wore allowed to stand, tin- pH deereas.'d ratudly to the acid side. 

IViihi, ’' 1ms injected the ititcslinal contents, obtained from dogs with 
o1.-tnict!on. into the l.mv.d of a norm.al doe without ill Also 

oth.crd imvc dv numsiratcd that toxin .symptoms do develop when the 
contents ul, mined f.^om anim.als with intestinal olistrucliou wer.- place.l 
m tiw 1 h,w, , o! norma) .animals. The outcome wotihl have been different 
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TOXICITY OP THE BASIC RESIDUE 

In order to compare (lie residue with tlie distillate, the following cx- 
lieriinonls were done. The residue was jirepai’ed by heating’ the intes- 
tinal contents of dogs dying from intestinal obstruction to 100° F. and 
by then distilling it by jiartial vacuum. The pH of the residue ivas 
standardized so as to give a similar reading as is found in intestinal 
olrstruction at death. In 2 dogs the residue was injected into a closed 
loop extending from the duodenum to the ileum, and in 2 dogs the 
closed loop e.xtended from the esophagus to the ileocecal junction. 


COJISIEN'TS AND RESUI-TS 


It is generall.v conceded that ammonia, amines, etc., produced in the 
intestine arc products of protein putrefaction. Mathews" and Mae- 
Icod® showed that ammonia is sjjlit fi'om the protein during digestion 
and absorption. A part arose from the acid amide as a result of the 
putrefactive action of bacteria. Still another part was produced by the 
partial deaminization of the amino-acids during the process of absorp- 
tion. In addition Mathews pointed out that a large amount of am- 
monia occurred in the iiaucreatic secretions as well as in the gastric and 
inte.stinal mucosa (40 mg. per 100 gm. of fluid and 36 mg. per 100 gm. 
of tissue res])oetivcly). In all probability the volatile bases as a group 
originate in this manner, 

Cholopoff^ showed that normal arterial blood contains 0.01 to 0.02 
mg, of ammonia per 100 c.c. of blood. In its passage through the wall 
of the large intestine and also at times through the wall of the small 
intestine, the blood absorbs ammonia, more with a meat diet and less 
with a carbohydrate diet, so that the ammonia content in the portal 
vein after a meat diet may rise to 0.06 mg. per 100 c.c. In the liver a 
good part of this absorbed ammonia is removed, the hepatic vein show- 
ing less ammonia than the portal vein.'’ 


QUANTITATIVE DETERJIINATION OF THE VOLATIUE BASES 


The results given in Table I, Group A, show that the volatile bases 
occurred in the fluid contents in association with low ileal obstruction, 
in amounts varying from 0.14 per cent to 1-60 per cent. Tiierc appeared 
to be no relationship between the duration of the obstruction and the 
concentration of the volatile bases. Likewise the concentration of the 
volatile bases per se had little influence on the condition of the experi- 
mental animal. Similar results were observed in the long closed loop 
obstructions (Table II, Group B). This group showed no correlation 
between the percentage of volatile bases, the duration of obstruction, or 
tlic con dition of the e.xperimental animal. 




accumulation of ammonia in a segment of 
absorbed from It 
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HIBBARD AND KREMEN : VOLATILE BASE IN INTESTINAL CONTENTS 329 
INFLUENCE OP PROTEIN DIET 

Since Whipple'^^ and his coworkers have demonstrated that there is 
an increased destruction of iirotein in intestinal obstruction, a prepon- 
derance of volatile bases vould be expected to occur in animals fed on 
a meat diet. Hovever, these experiments (Group C) show the concen- 
tration to be onl.v slightly greater than that observed in dogs receiving 
an ordinarj- diet (Groups A and B), although much greater than in two 
animals fed a relatively protein-free diet (Nos. 121, 117). 

In this group the fluid contents were further analj’^zed for ammonia, 
primar}^, secondary, and tertiary amines as previously described. The 
results showed that the percentage of ammonia consistent^ amounted 
to about one-half of the volatile basic group. The remaining one-half 
gave positive qualitative tests for primaiy and tertiary, but negative 
reactions for secondaiy amines. 

One of the important deductions to be derived from this group is that 
the animals not only showed earlier signs of toxicity, but that their 
length of life was greatly shortened. The average was three days as 
compared to seven days in dogs fed ordinary diets. One dog receiving 
a relatively meat-free diet lived twenty-four days. 

It appears, tliercfore, that tlic end-products of protein putrefaction, 
if not primarily responsible for the cause of death in low ileal obstruc- 
tion, certainly accelerate a fatal outcome. If the former instance were 
true, it may be concluded that when the percentage of volatile bases 
reached a certain fixed concentration, death occurred. Moreover, the 
high percentage of volatile bases found after death or when the fluid 
contents were allowed to stand, showed that the chemical action did not 
stop when it reached the antemortem level. But inasmuch as some of 
tlic dogs, with average volatile liase levels, were in excellent condition 
when sacrificed, some other factor must serve in combination with the 
volatile bases. 

SlGNllTCANCE OF THE H-ION CONCENTRATION OF THE FLUID CONTENTS 

It has previously been showiv’ that, in contrast to tbe acid reaction 
of normal intestinal contents as de.scribcd by ItlcOlcndon, Shedlow, and 
ICarpman,’® Thomii.son,'’ Grayzel and iMiller,^ Graham and Bmery^ the 
contents of the obstructed intaslinc were alkaline. It was also demon- 
strated that the alkalinity of the fluid contents increased in proportion 
to the duration of the obstruction until it reached its maximum, a pll of 
about 3. before death occurred. After death or if tiie contents 
were allowed to stand, the pH docrca.scd rapidly to the acid .side. 

lYilkic” has injected the intc.stinal eontent.s, obtained from does with 
obstruction, into tlic bowel of a normal dog without ill ofl'cct.sC Also 
others’ have demonstrated that toxic .symptoms do not develop when* the 
contents obtained from nnimnl.s with intestinal obstruction were idaccd 
m the bowel oi normal auhnnls. The outcome would have been different 
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TOXICITY OK THE BASIC RESIDUE 

In oTfler lo compare t]ie residue with tlie distillate, tlio folloiving- ex- 
periments were done. The residue was prepared by iieating the intes- 
tinal contents of dogs dying from intestinal obstrnelion to 100° F. and 
by then distilling it by partial vacuum. The pH of the residue was 
standardized so as to give a similar reading as is found in intestinal 
obstruction at death. In 2 dogs the residue was injected into a closed 
loop extending from the duodenum to the ileum, and in 2 dogs the 
closed loop extended from the esophagus to the ileocecal junction. 


COJIJIEKTS AND RESULTS 

It is generally conceded that ammonia, amines, etc., produced in the 
intestine are jiroduets of protein putrefaction. Mathews' and Mae- 
leod® showed that, ammonia is split from the protein during digestion 
and absorption. A part arose from the acid amide as a result of the 
putrefactive action of bacteria. Still another part was produced by the 
partial deaminization of the amino-acids during the process of absorp- 
tion. In addition Jlathews pointed out that a large amount of am- 
monia occurred in the iianereatic secretions as well as in tlie gastric and 
intestinal mucosa (40 mg. per 100 gm. of fluid and 36 mg. per 100 gm. 
of tissue res])ectivcly). In all probability the volatile bases as a group 
originate in this manner. 

Cholopoff^ showed tliat normal arterial blood contains 0.01 to 0.02 
mg. of ammonia per 100 e.c. of blood. In its passage through the wall 
of the large intestine and also at limes tbroiigli tlie wall of the small 
intestine, the blood absorbs ammonia, more witli a meat diet and less 
with a carbohydrate diet, so that the ammonia content in the portal 
vein after a meat diet may rise to 0.06 mg. per 100 c.c. In the liver a 
good part of this absorbed ammonia is removed, the hepatic vein show- 
ing less ammonia than tlie portal vein.® 


quantitative determination of the VOLi.-mUE BASES 


Tile results given in Table I, Group A, show that the volatile bases 
occurred in the fluid contents in association with low ileal obstruction, 
in amounts varying from 0.14 per cent to 1.60 per cent. There appeared 
to be no relationship between the duration of the obstruction and the 
concentration of the volatile bases. Likewise the concentration of the 
volatile bases per se bad little influenee on the condition of the experi- 
mental animal. Similar results were observed in the long closed loop 
obstructions (Table II, Group B). This group showed no correlation 
befrw'een the jiereentage of volatile bases, the duration of obstruction, or 
the condition of the cxpcrimejiTal animal. 
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toxicity occurring with a high pH Avas probably due to the liberation of 
jimmonia, rather tlian to a direct action upon the intestine. 

The results given in Table IV .show quite eonclu.sively that, wlien the 
di.stillate containing the volatile bases was removed from the intestinal 
fluid contents from the dogs dying with intestinal obstruction, the re- 
maining portion did not elicit signs of toxicity Avhen placed in intestinal 
loops of noi-mal dogs. The pH of the residite was raised to a pH of 
!) ])rcvious to injection in both experiments. When autopsied twenty- 
six and forty-eight hours later, the pH had dropped to 8.4 and 7.8 
respectively. 

Tlic results obtained with the volatile basic distillate (Table V) were 
quite diffei'cnt. They showed that Avhen the ])H was .set at a fixed level, 
the. injected distillate caused early death in all animals. 
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intestinal eontt'ut.s in low ileal obstnietion oeeur in a certain eoneentra- 
tion, death will oeeur, iirovidine: the H-ion eoneeiitration is at a certain 
level. This does not signify, however, that tliey are the primary cause 
of death in elinieal intestinal obstnietion. 


SI'M.MVUV AXn CO.Nfl.I’.slOX 

,\n expeiiineiitai study of tlie volatile ha.ses ticvelopinu in the tluid 
eontents of the intestine followini; low ileal mcelianienl ohstruetion has 
heni made. They were fonml to oeenr in eoneeiilralion.s varviinr from 
« 1‘"'- to l.tid per eent. Tlunv appeared to he no m-relntion 
between tbe eoneentratioii of volatile bases. t!,e duration of ohstruetion 
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jM’oJjaWy, if these iiircsiip:iifor.s had taken into consideration iiof only tlic 
pll of the contents, but aiso the resistance that a normal dog would 
l)resent as com])arod to a cleliyclralecl do" with a seven-day obstructed 
intesline. In fac(, a normal dog possesses tlie ability to lower the pH 
of a foreign intestinal fluid rapidly. This is sliomi in the following- 
series of experiTiients, in which the to.xicity of the intestinal contents 
obtained fi-om dogs dying from intestinal obstruction was tested after 
the pH had been raised to an antemortem level. The length of life fol- 
lowing injection in Dogs 50 and 130 was six and ten hours re.spectively. 
Iji Dog 50 the pH had dro])ped to 7.1 at death. In Dog 120, 300 c.e. of 
contents with pH raised to 7.S was injected into a closed loop. For nine 
hours following the anestiiesia, the dog was unable to stand and twitch- 
ing of his tongue and Jieek was noticed. At twenty-four hours he would 
walk with a staggering gait and was extremely weak. From this time 
on he became worse, ]3robably the result of the high obstruction. He 
was sacrificed at 50 hours and the pH of the intestinal fluid contents was 
7.6. 

Toxicrrv of A.vn volatile ba.sic group 

In order to test the toxicity of the volatile bases a syntlietic solution 
was used for injection into normal dogs. Since ammonia constituted 
about 50 per cent of the volatile basic grouj), it was prepared in a 1.75 
per cent solution [NHJ-I 00^ and (NI-H)^ S] witli a pH of 8.2 and 
injected into closed loops of otherwise normal dogs. After injection, the 
animals died in a very short time. A synthetic ammonia solution witli 
a pH of less than 7 had no apparent untoward etfect upon the e.xperi- 
mental animals. In two e.xperiments distilled water with the pH raised 
to 8.4 and to 9, with NaOH, then saturated with hydrogen sulphide and 
injected as before showed no ill-effects twenty and twenty-four liours 
later, rcs])ec,tively. By employing a solution containing the ])rimary and 
tertiary amines in addition to ammonia, similar results would he cx- 
]mcted since their toxicity increases in proportion to their complexity. 

These results would suggest that the end-])roduets of protein ])utre- 
faetion were toxic only if the pH increased to a certain level. Since 
the pH influences the dissociation and .solubility of ammonia .salts, the 
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toxicity occurring Avitli a high pH was proi)a1)ly due to the liiicratiou of 
ammonia, rather tlian to a direct action upon tlie intestine. 

The results given in Table IV show quite conclusively that, Avheu the 
distillate containing the volatile bases was removed from the intestmal 
fluid contents from the dogs dying Avitli intestinal obstruction, the re- 
maining portion did not elicit signs of toxicity when placed in intestinal 
loops of normal dogs. The pH of the residue was raised to a pH of 
!) previous to injection in both experiments. 'When autopsied twenty- 
six and forty-eight hours later, the pH had dropped to 8.4 and 7.8 
respectively. 

Tlic results obtained with the volatile basic distillate (Table Y) were 
quite different. They showed that when the pH was set at a fixed level, 
the injected distillate caused early death in all animals. 
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tion. (icatli will occur, iji-ovidin-r the ll-ioii concentration is at a certain 
level. This docs not signify, liowevcr. that they are the primary cause 
of death in clinical intestinal obstniclion. 


srMMVUV VNU VOKCl.!’.<iON 

.\n experimental stiidy of the volatile bases developing in the finkl 
.■onf.mts of the intestine following low ileal meeiianical ohstvnefion has 
be.m madiv They were found wenr in concent rat ions varviim from 
0 14 per cent to l.tiO per cent. There appeared to he no oirrelation 
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Tlie volatile bases were further anab'zed for ammonia, primaiy, sec- 
onclai^, and tcrtiaiy amines. Ammonia consistently amounted to about 
50 ])er cent of the group. TJie remaining half gave positive qualitative 
tesfs for primary and tertiary but negative reactions for secondai;v 
amiiies. 

Although the volatile bases are products of protein putrefaction, a 
pure meat diet onl.v slightly increased their concentration in the fluid 
eontent.s of the obstructed intestine. The length of life in dogs ob- 
structed at the ileocecal junction Avas greatly shortened Avhen they Avere 
fed a pure meat diet in contrast to an ordinaiy or a meat-free diet. 

When the pH of the intestinal contents obtained from dogs dying from 
intestinal obstruction aa'US raised to an antemortem level and placed into 
boAvel loops of normal animals, toxic sj'mptoms appeared soon, folloAA’ed 
by death of the experimental animals. LikcAvise, the distillate containing 
the volatile bases Avas found to ])osse.ss the same characteristics. 

In contradistinction to the toxic effects of the distillate, it has been 
shoAvn that the action of the A'olatile base-free residue is entirely in- 
nocuous. 

This does not necessarily sigiiif}- that the volatile bases are the pri- 
mary causes of death in intestinal obstruction, but it does mean that if 
they are present in a high enough concentration at an optimum pH and 
if they are absorbed, severe toxic symptoms Avill occur folloAved by a 
fatal outcome. 
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ACUTE INTESTINAL OBSTRUCTION 

I. The Role of Bacteria in Closed Jejunal Loops 

Sarah Haerem, B.S., G. il. Back, ]\LD., Ph.D., and 
Harwell Wilson, M.D., Chicago, III. 

(From the Departments of Surgery and Hygiene and Bacteriology, University of 

Chicago) 

O F THE various tlieorics proposed to explain tlie cause of death in 
intestinal obstruction, two have received the most attention, viz. : 
(1) llic loss of large amounts of fluids from the upper part of the gastro- 
intestinal tract by vomiting'; and (2) the ahsoi-ption of some toxic sub- 
stance formed in the obstructed bowel. 

The serious consequences resulting from the loss of a large amount of 
fluid from the upper intestinal tract hj' vomiting have been repeatedly 
observed in both the experimental laboratory and in patients with acute 
liowel obstruction. In the experimental animal sjTuptoms can be greatly 
altered and the length of life following acute obstruction definitely pro- 
longed by the parenteral administration of adequate amounts of isotonic 
salt solution. Deatli, however, although delayed, is never prevented, 
and many workers feel that it is the absorption of some toxic material 
from the obstructed bowel which finally proves fatal. 

Jlurphy and Brooks' and Dragstedt- found that closed intestinal loops 
were compatible with life if the bacteria in the loops were eliminated bj' 
adequate drainage before closure. If bacteria and tissue necrosis wex’e 
lU'csent in the bowel segments, the animals died. 

Williams,-' in 1926, advanced the lij-pothesis that the Weleh bacillus 
was the organi.sm primarily responsible for the toxemia in intestinal ob- 
struction. Tliis conclusion was based on animl experiments carried out 
l)y methods which seem to us to be unsatisfactory and will be diseu.ssed 
later. Later workers have not been in agreement on this point. 

Itfclver and olliers,* Oughterson and Powers, and Thurston® were 
unabh' to find sufficient evidence that Cl. trclrhii was the important 
factor in acute intestinal obstruction, wliile tlic observations of Bower 
and Clark' as well as exiicrimcnts by Morton and Stabins' seemed to 
show that CL trclrhii toxin played some ])arl in the symptoms. 

In the present experiments a study was made of the bacteriology 
and toxicity of the contents of obstructed bowel segments. 

.MimioD.s 

(’losed loops of upper jejunum were made in dogs under etiicr anes- 
portion of jejunum, varying from 15 to 20 cm. in length, 

Hi'-t'r for ButitlcriltAH. N*'^vf‘mb*'r 27 , 15 ST, 
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TJic volatile bases were further anal 3 'zed for ammonia, primaiy, sec- 
ondaij , and tertiarj’ amines. Ammonia eonsistenllj’’ amounted to about 
50 per cent of the group. The remaining half gave positive qualitative 
tests for primary and tertiary but negative reactions for secondary 
amines. 

Although the volatile bases are products of protein putrefaction, a 
pure meat diet only slightly increased tlieir eoneentratiorr in the fluid 
conlent.s of the obstructed intestine. The length of life in dogs ob- 
structed at the ileocecal junction was greatiy shortened when they were 
fed a pure meat diet irr coirtrast to air ordinary or a meat-free diet. 

"When the pH of the intestinal contents obtained from dogs djung from 
intestinal obstructiorr was raised to an arrtemortem level and placed into 
bowel loops of rrormal animals, toxic sjmrptoms appeared soon, followed 
1)3' death of the cxperimeirtal animals. Likewise, the distillate containing 
the volatile bases was found to possess the same characteristics. 

In coirtradistinction to the toxic effects of the distillate, it has beeir 
showrr that the action of the volatile base-free residue is entirel 3 ' in- 
nocuous. 

This does not necessarily signif 3 ' that the volatile bases are the pri- 
mary causes of death iir intestinal obstruction, but it does mean that if 
they are present in a high enough correentration at an optimum pH and 
if tlre 3 ^ are absorbed, severe toxic symptoms will occur followed by a 
fatal outcome. 

REFERENCES 

1. Chenut, A.: L’eperimentatioa dans 1 'occlusion meclianique du jejunoileon, 

Kev. de cLir. 45: 474, 1926. 

2. Cholopoff, A. D.; Herkunft des Blutammoiiialks und dessen Verteilung im 

Organismus nach Versuchen an angiostomierton tieren. Arch. f. d. ges. 
Physiol. 214: 320, 1920. 

3. Graham, ‘W. E., and Emery, E. S.: The Eeaction of the Intestinal Contents of 

Dogs Fad on Different Diets, J. Lab. & Clin. Med. 13: 1097, 1928. 

4. Grayzel, David M., and Miller, Edgar G. J.: pH Concentration of the In- 

testinal Contents of Dogs with Special Heference to Inorganic Metabolism, 
Proc. Soc. Exper. Biol. & Med. 24: 6CS, 1927. 

5. Hibbard, J. S.: Gaseous Distention Associated with Mechanical Obstruction 

of the Intestine, Arch. Surg. 33: 140, 1936. 

6. Ingraham, E. 0., and Visscher, M. B.: Further Studies on Intestinal Absorp- 

tion with the Performance of Osmotic Work, Am. J. Physiol. In press. 

7. Mathews, A. P.: Text Book of Phj'siological Chemistry, New York, 192o, 

William Wood and Company, p. 742. . 

8. Macleod, J. J. E.: Physiologj’ and Biochemistry in Modern Medicine, bt. 

Louis, 1927, The C. V. Mosby Company, p. 049. 

9. McClendon, J. F., Shedlow, A., and Thompson, W.: The Hydrogen Ion Con- 

centration of the Ileum Contents, J. Biol. Cheni. 31: 269, 1917. 

10. McClendon, J. F., Shedlow, A., and Karpman, B.: The Hydrogen Ion Con- 

centration of the Contents of the Small Intestine, J. Biol. Chem. 34: 1, 
1918. 

11. Sidgwick, N. V.: Organic Chemistry of Nitrogen, London, 1910, Clarendon 

Press, p. 19. 

12. Whipple, H. G., Cooke, J. V., and Stearns, T.: Troteose Intoxications and 

Protein, J. E.xper. Med. S: 479, 1912. 

Id. WilKic, D. P. D.: Experimental Observations on the Cause of Death in Acute 
Intestinal Obstruction, Brit. M. J. 2 : 10G4, 1913. 



iiaehem; et ae. ; acute IXTESTIXAL OBSTRUCTIOX 1 


335 


A strain of Cl wclcliii Avas isolated from each animal. Identification 
of the organism Avas established by the characteristic stormy fermentation 
of milk, typical colonics on blood agar, and specific toxin production. The 
strains isolated Avere groAvn on chopped A’cal-becf infusion medium for 
toxin production in accordance AA’ith the procedure used by Bengston'’ at 
tlic National Institute of Ilealtli at Washington, D. C. It Avas necpssary 
to trans])lant from a veiy young beef heart culture and incubate the 
culture for not longer than from sixteen to tAA'enty-t.AA’O hours to pro- 
duce a potent toxin. The toxin Avas centrifugalized and filtered through 
a Berkefeld “N” candle before being used for injection. In each case 
the filtrate A\’as cultured and found to he sterile. One group of mice 
was injected intraA’enously Avith 0.5 c.c. of this filtrate, and another 
grouj) of animals AA’as giA-en 0.05 c.c. of Cl. Welcliii antitoxin, preA’iously 
mixed Avith the svApernatant fluid and alloAved to stand at room tempera- 
ture for forfy-fiA'c minutes. 


RESULTS 

Tlie results of tlic bacteriologic studies are presented in Talfic I. 
Cl. wclchii, AA’ith one exception, AA'as present in large numbers. The 
actual number of A-cgctatiA"e forms Avas probably much greater than 
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Mils secfioned at cither end nnd flic ends closed b.y purse-string' sutures. 
3 lie covtinuity of flie hou'cl u’as reestaWi.siied by either a side-to-sidc 
or an cnd-lo-end anastomosis. Follomng operation, the animals ivcrc 
jilaccd in cages and given only ivater by mouth. When the animals ap- 
jieared to be critically ill, usually lliirly-six to seventy-tivo hours after 
operation, a .second laparotomy vas done and the obstructed loop re- 
moved. The fluid from this excised loop was immediately placed in 
sterile eontainei's. and u.sed for bacteriologic examination and toxicity 
studies. 


The loop contents were centrifugalized at high speed for forty-five 
minutes and the supernatant fluid carefully removed and used for 
mouse inoculations. Mice weighing from 17 to 20 gm. were given from 
0.2 c.c. to 0.5 e.c. of fluid intravenously, dontrol animals being given 
the .same quantity together with 0.05 Ch welchii antitoxin. Deaths of 
mice occurring within forty-eight hours only were I'ecorded. 

The following technique for culturing the loop fluid was selected be- 
cause it seemed the best procedure for isolating as many tyjies of bacteria 
as possible and for simultaneously determining quantitative relation- 
ships. Decimal dilutions of the loop fluid were made in tubes of sterile 
saline, from which lactose broth, Robertson’s beef heart medium, and 
freshly boiled milk were inoculated. 

Lactose broth was used to defect the presence of the coli-aerogenes 
group of bacteria. All lactose broth cultures giving the reaction of 
B. coli ■were streaked out on cosin-mcthylcne blue agar plates for final 
identification. Beef heart medium was used because it satisfied the 
growth requirements of the gram-negative intestinal bacteria, the cocci, 
and many of the sporulating and nonsporulating anaerobes. The cul- 
tures were incubated one week. The higlicst dilutions showing growth 
in beef heart medium were used for inoculating aerobic and anaerobic 
blood agar plates. Identification of the predominating Di’cs of bacteria 
was made from these. 


Milk was used for the estimation of the numbers of Cl ivclclm. Tlie 
inoculum was heated at S0° C. for ten minutes. The cultures veie in- 
cubated in an anaerobic jar, and when typical stoi'iuy fermentation 
occurred, they were removed from the jar and blood agar plates were 
streaked for the isolation of Cl. tvclchii. This method gives only an 
estimate of the number of spores present; the number of vegetative 
forms, perhaps, is much gi'eater. 

Tlie 1 .-lO dilution of loop fluid was used for direct inoculation of 
blood agar and eosin-ni ethylene blue agar plates. Blood agar plates were 
incubated anaerobically at a temperature of 37° C. for four days. 
Aerobic blood agar and eosin-mefhyicne blue plates were incubated for 
lucnt^-four hours. Idenf ifieation of the predominating organisms on 
these plates u-as then made. 
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DISCUSSION 


Williams mixed the eoiiteuts of the small intestine with an equal 
amount of ice cold saline solution and passed this through a Berkefeld 
candle in an atmosplicre of hj’drogen in the ice chest. The filtration 
always took from eighteen to twenty-four hours. Mice were injected 
inti’amuscularly, using 0.75 c.c. of filtrate plus 0.25 c.c. of normal horse 
scrum in one series, and 0.75 c.c. of filtrate together with 0.25 c.c. of Cl. 
tuclchii antitoxin in another series. Sti’iking results were tabulated, 
.showing large numbers of deaths in the first group and no fatalities in 
t!ic protected group. The mice were kept under observation for six days. 
i\ll tlie mice wliich died were examined for the possibilitj" of infection 
with Cl ^vclchii, as opposed to toxemia, by heart blood cultures taken 
as soon after death as possible. He states that all these cultures were 
negative as regards Cl. welchii, although occasionally streptococci and 
conforms were found. Assuming that examination was made soon 
enough after death to prevent the possibility of postmortem invasion 
of organisms, his results indicate tliat the filtrates were not sterile. 

It seems logical that the intramuscular in.jection of quantities as large 
as 1 c.c. into a mouse could produce enough tissue injury to afford condi- 
tions suitable for the elaboration of a toxin by the 'Welch bacillus, if that 
organism were contained in the fluid injected. The fact that the filtrates 
"Williams used were not sterile seems to indicate that Cl. welchii may 
have been present in the filtrates. Despite his failure to demonstrate Cl. 
nrlcliii in the heart blood, tlie organisms would, more likely, have local- 
ized at the site of injection. It is possible that the mice died from a 
to.sin elaborated bj- Cl. welchii in the ti.ssues rather than from any to.xin 
contained in the loop fluid. Williams kejit the mice under observation 
for six days. Our experience, and that of ollici's"' has been that in- 
travenous injection of a potent toxin of Cl. welchii in quantities much less 
than 1 c.c. will kill a mouse in from livo to forty-eight hours. Death 
of mice after forty-eight hours may lie attributed to other causes. 

Mclver and others arc of the opinion tliat the strains of Cl. welchii 
found in the intestinal tract are of a low degree of virulence and are 
not good toxin producers. The strains studied Iiere, with two excep- 
tions (Dogs 390 and •193), all produced toxin wlien grown in a suitable 
medium for from sixteen to twenty-four lioui-s. It was found that the 
use <»f old cultures for inoculation of the choiijied veal medium gave 


poor results, and that the time of inenbation of cultnre.s for tlie produc- 
tion of toxin was important ami varied considerably. 

Wilsdon" has recently divided the Cl. welchii group into four types, 
<‘ach dirfering in the antigenic .structure of tl)c toxin produced. Types 
A. \\ and {', jiroduced the maximnm of toxin within twenty-four houi-s. 
Iltwever. Type 1), consisting of a .series of strains of animal origin, pro- 
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Table II 


^ Tm-L pin , Toxin in the Obstructed Loop Fluid. 

Toxin Producing Capacity in Vitro op Cl. wclchU Org.wisus Isoi.vted 
FROM THE Obstructed Loop Content 


DOG 

RESULTS 

OF INOCULATION WITH LOOP FLmD 

IN WTRO PRODUCTION OF 
TOXIN BY HOMOLOGOUS 
STAINS 

TEST 

MICE 

ANTITOXIN 

CONTROLS 

TEST 


NO. OF 
DEATHS 

NO. OF 
SURVIVALS 

NO. OP 
DEATHS 

NO. OF 
SURVIVALS 

NO. OP 
DEATHS 

NO. OF 
SURVIVALS 

177 

0 

5 

1 

4 

2 

1 

181 

4 

1 

1 

4 

3 

0 


fispirafed after 23 hours 




489 

0 

5 

0 

4 

3 



Fluid aspirated after 97 hours 





(end of experiment) 





0 

4 

0 

5 



512 

1 

I 

1 


2 

0 

261 

1 

1 

O 


3 


390 

4 

0 

2 

3 

No toxin demonstrated 

493 

3 

1 

3 

0 

No toxin demonstrated 

526 

3 

1 

O 

1 

Cl. welcliii 

not found 


♦Antitoxin controls all survived. 


The results of the toxicitj' studies are presented in Table II. No con- 
clusive evidence of tiie presence of Cl. welcliii toxin in the loop fluid 
was found. The method for preparing the fluid for mouse injection is 
open to criticism in that the fluid was not sterile. Prolonged filtration, 
which is neeessaiy with this type of material, and heating may be destruc- 
tive to Cl. wclchii toxin, and for that reason were avoided. However, 
the survival of the mice in some of these experiments is evidence against 
the presence of welcliii toxin. If the fluid contained a toxic entity, such 
as G. ivelcldi toxin, one would expect uniform deatlis among the animals 
injected in a short period of time. This was not the case in these ex- 
periments. 

The strains of the Welch bacillus isolated from each loop, ivith two 
exceptions, were good toxin producers when grown in suitable medium. 
In one experiment none of the mice receiving loop fluid died. This fluid, 
however, contained one of the best toxin-producing strains which was 
encountered. 

In two instances (Dogs 181 and 489) blood was drawn three weeks 
after obstruction to test for the presence of Cl. welcliii antitoxin. lilice 
injected with 0.5 c.e. of filtrate (prepared with homologous strains) 
mixed with 0.1 c.c. of the blood serum of the dog and allowed to stand 
at room temperature for forty-five minutes before injection, all died. 

Bull and Pritchett*'* have shown that j’^oung cultures of Cl. wclchii 
contain the maximum of toxin, and that ■noth prolonged incubation, the 
toxicity decreases. With this idea in mind, fluid was aspirated from 
an intestinal loop (Dog 489) twenty-three hours after obstruction and 
tested for toxin. None of the mice receiving the fluid died. 












ACUTE INTESTINAL OBSTRUCTION 

II. Tmk Pkkjikabimtv of Ob.structed Boweb Segmext.s of Dogs to 
Closiridhnn bofnlinnm Toxik 

Sak.mi II.vkhem, B.S., G. M . Back, JI.D., Ph.D., and Lester R. Dragstedt, 
il.D., Ph.O., Chicago, Ibe. 

(Fnm thr Dcimrlments of Surgery ntul JiacterMoyy ami Paraxitolayy, University of 

Chicago) 

T he role pliiyetl by bacteria and their products in intestinal obstruc- 
tion i.s an unsettled problem. This .subject lias been discussed in a 
jirevious rc])ort. The pemieability of the obstructed bowel has been 
studied by other workers with regard to some of the chemical poisons, 
but no satisfaetoi’y method has been devi.sed to study the permeability 
to bacterial products. Since the dog was known to be quite resistant 
to oral administration of botulinum toxin and since this toxin is of 
bacterial origin, it was thought that this substance might better meet 
the conditions found in intestinal obstruction. Furthermore, this is one 
of the most ]>olent bacterial toxins and can be detected in very small 
quantities. 

Cultures of Cl. holulinum Tyiie A were grown in Kjeldahl lla.sks con- 
taining Robertson's beef heart medium under a vaselinc-]iaratlin seal. 
Tliese were incubated at 37® C, for from four to fourteen day.s, at the 
end of wliich time the suiieruatant fluid was ceutrifugalixed at high 
si)ce<l for onc-!ialf hour. Tlie resulting suiieruatant fluid was pi]icttcd 
of!' carefully and constituted the toxin u.sed in these experiments. The 
potency of the toxin was determined by inlrapcritoncal injections of 
I e.e. of decimal dilutions into each of two mice, weighing from 17 to 
31) givims each. 1'hc mice were kept on test for forty-eight hours. Tiie 
same pisicedurc was used for detection of toxin in the blood scrum of 
dogs. Control mice were inoculated with 0.2.7 c.c, of VI. hnlnlinnm 
antitoxin. 


1. I'ER.nEABii.rrv or .xok.m.m. bowei. segments 


'I'o ilctermine whether thi' normal dog intestine was jiermeable to Cl. 
holulinuw toxin. 21) dogs were fed varying t|uantitics of highly iioleiil 
botulinum toxin® with a stomach tube. Four dogs fed 2r) c.c. and 4 
dogs ivd oO c.c. gave no evidence that absorption was obtained. A 
xarintion in r.-.sults occurred when 100 c.c. <iuantities were fed. In 2 out 

''' <'ibsorplion of toxin. 


fr»r jdtblirntLiri, Novctiil^'^r 1**2T 

in I'oiV ’.a'.'o.,;/, V"'" "7'’ 


K.r.- cciiij.irjilil.. «aii Uto'.'' 
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cluecd a toxin wliieh did not reach its maxijnum for tliree to ti^-e days. 
Tlii.s may explain onr tailnrc to ol)tain toxins w’th strains isolated from 
Dos-s 3D0 and 4.93. 


SUJIM.MtY AND CONCl-U.SIONS 

Bac(oriolo;,n'e .studies M’ore made on the fluid obtained from closed 
intestinal loops in eight dogs. 

67, wclrhh and B. coli were found to be the pj'cdominating organisms. 
In most instances the Welch organisms ivei’c .shown to he capable of 
jirodncing a potent toxin in vitro, No definite evidence of 67. wclcMi 
toxin in the loop fluid was demonstrated. 

The present study does not snlxstantiafc the view that the toxemia of 
acute inte.stiiial ohstrnetion i.s due to the .specific toxin of the Welch 
bacillns. 
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ACUTE INTESTINAL OBSTRUCTION 

II. The Pekmeability of Obstructed Bow-el Segments of Dogs to 
Clostridium hotulinum Toxin 

Sarah ILverem, B.S., G. M. Dack, M.D., Ph.D., and Lester R. Dr.^gstedt, 
M.D., Ph.D., Chicago, III. 

(From the Departments of Surgery and Bacteriology and Parasitology, University of 

Chicago) 

T he role played by bacteria and their products in intestinal obstruc- 
tion is an unsettled problem. This subject has been discussed in a 
previous report. Tlie permeability of the obstructed bowel has been 
studied by other workers with regal’d to some of tlie chemical poisons, 
but no satisfactory method has been devised to study the permeability 
to bacterial products. Since the dog was knoYoi to be quite resistant 
to oral administration of hotulinum toxin and since this toxin is of 
bacterial origin, it was tliought that this substance might better meet 
tlie conditions found in intestinal obstruction. Furthermore, this is one 
of the most potent bacterial toxins and can be detected in very small 
quantities. 

Cultures of CL hotulinum Type A wei-e grown in Kjeldahl flasks con- 
taining Robertson’s beef heart medium under a vaseline-paraffin seal. 
These were incubated at 37° C. for from four to fourteen days, at the 
end of which time the supernatant fluid was ccntrifugalized at high 
Sliced for one-half hour. The resulting supernatant fluid was pipetted 
off carefully and constituted the toxin used in these experiments. The 
potency of the toxin was determined by intraperitoneal injections of 
1 e.e. of decimal dilutions into each of two mice, weighing from 17 to 
20 grams each. The mice were kept on test for forty-eight hours. The 
same procedure was used for detection of toxin in the blood serum of 
dogs. Control mice were inoculated with 0.25 e.e. of CL hotulinum 
antitoxin. 


I. FERMEABII.lTY OF NORMAL BOWEL SEGMENTS 

Tv) determine whether the normal dog intestine was permeable to CL 
Iwlulinum toxin, 20 dogs were fed varying quantities of highly potent 
liotulinum toxin® with a stomach tube. Pour dogs fed 25 e.e. and 4 
dogs fed 50 c.c. gave no evidence that ahsorption was obtained. A 
variation in results occurred when 100 c.c. quantities were fed. In 2 out 
ot 12 d ogs fed from Sj) to 100 c.c., there was no ahsorption of toxin. 

l^cccivc'd for pulilicutJon, November 22^ 1937 
In I'uer oV,sm,?Uo*n e.xpcrimrats were con.parable with those used 
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diicod a toxiji ivliich did not I'cacJi its maximum for three to five days. 
TJiis ma.v explain mir failure to obtain toxins with strains isolated from 
Doirs 3f)0 and 4.9.3. 


SUJI^r,■\Ry AND CONCt.U.SIONS 


Bacleriologie studies ivc 2 'c made on the finid obtained from elo.s’od 
intestinal loops in ciglit dogs. 

Cl. wclchii and B. coli were found io be the prcdom'mafmg organism.s. 
In most instances the Welch organisms were shoAvn to ho capable of 
])rodncing a potent toxin in vitro. No definite evidence of C/. iimlcliii 
toxin in the loop fluid was demonstrated. 

The present stnd.v does not substantiate the view that the toxemia of 
acute intestinal obstruction is due to the .specific toxin of the Welch 
bacillus. 
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with an M.L.D. of at least 10'^ was used, the dog died and toxin was 
demonstrated in the blood serum in sis hours (no titrations were made 
earlier). Further experiments demonstrated that when 3 c.c. of potent 
toxin is administered intraperitoneally, the toxin enters the blood within 
two hours, increases in amount with time, and is fatal to the dog. The 
negative results obtained in Case 4 may possibly be explained by the 
toxin entering a viscus instead of the peritoneum. The same toxin was 
used in Case 5 with fatal results. 

in. ACUTE INTESTINAL OBSTRUCTION EXPERIMENTS 

Dogs were prepared with isolated loops of small intestine, the ends 
carefully infolded by means of purse-string sutures, and the continuity 
of the intestinal tract reestablished by means of end-to-end anastomoses. 
Cl. hotuUmmi toxin was inoculated into the loop with a fine needle, 
care being taken to prevent any toxin from entering the peritoneal 
cavity. The loop was put back into the peritoneum and the incision 
closed. Blood was drawn at intervals and the serum inoculated into 
white mice to test for the presence of Cl. lotulinum toxin. The results 
are presented in Table II. 


Tabie II 


BoTOMNtJst Toxin in Blood Serum op Dogs Receiving 10 c.c. of Toxin Into 
Obstructed Loops op Small Intestine 


1 


Tiau- 

TION OF 
SEEUat ' 


TOXIN 

IN BLOOD SERUM 


dog 

jrX.D, OF 
TOXIN 

1 


20-24 

HR. 

30 HR. 

1 i 

1 HEART 
BLOOD AT 

1 DEATH 


Acute Obstruction lir^perhnents 


8 

10-<+ 

0 




■ 


1 + + 


10-5- 

1:10 






I 






i 



i (36 hr.) 

9 

10-S+ 

0 





Experiment 


i 10-1- 

1:10 

— 



- 

Discontinued 

10 

1 2 X 10-<+ 

0 



+ 



+ ■}• 


Id-*- 

1:10 










t 





(60 hr.) 


Obstructed Loops Preciously Drained 


1 

10-3+ i 

0 



-- 


, + + 

1 4* -f 

1 

10-<- 

1:10 



— 

— 


i 4-4- 

12 1 






1 (40 hr.) 

(645 hr.) 

(694 hr.) 


I 10-2+ i 

0 



- «. . 




+ 4- 


!l0-»- 

1 1:10 




! (40 hr.) 


4-4- 



1 

1 1:50 





(63il hr.) ! 

+ 4- 


Obstructed Loop Prcrioiislp Trashed with Tannic Acid Toxin Inoculated After 

Obstruction Bepan 


13 


1 10 -<+ 

! ° i 

+ 4 - 

1 !■ + 

++ f 

1 10 -=' 



4 -- 

4 - 4 - 

1 

1 1:100 ! 


1 “ 

+ 4 - 1 1 


not innilo. 


of 1 mouse; blank space, test 
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Absorption was questionable in 4 other animals fed 100 c.c. (antitoxin 
controls died in 2 of tljese). Wlien 2 other animals were fed, consider- 
able bleeding about the mouth occurred, and this is thought to have been 
responsible for the earl}’' death of the dog and ready absorption of toxin. 
In subsequent feedings, the dogs were put xmder light ether anesthesia. 
This eliminated struggling and avoided abrasions in the oral mucosa. 

In 4 other dogs fed 100 c.c. of potent toxin, absorption was demon- 
strated, but in only 1 of these was it sufficient to cause the death of the 
animal (died nine days after feeding). Furthermore, the toxin in these 
4 animals xvas never absorbed in quantities sufficient to be detected by 
mouse injection in a 1 :10 dilution of tlie serum. Howex'er, toxin xvas 
sometimes demonstrated in this dilution in the experiments with acute 
obstruction of loops of the small intestine. 

II. ABSORPTION OF Cl. BotuUmm toxin from the FERITONEAl, CAVITY 

OF DOGS 

Dogs were given intraperitoneal inoculations of toxiii to determine 
the time of appearance in the blood and to gain some quantitative re- 
lationship between potency of toxin and amount absorbed. Kesults are 
recorded in Table I. Two dogs. Cases 2 and 3, were inoculated with 3 c.c. 

Table I 


Eotdlinum Toxin in Blood Seeom op Dogs Injected Intrapekitoneallt avitii 

3 C.C. OP Toxin 



^r.T..T). OP 

DIIiDTION 


TOXIN IN BLOOD 

SERUM 

RESULTS 

DOO 


OP 





OUTCOME 


TOXIN 

SERUM 

2 HE. 

4-44 HE. 

e-6j HR. 

12 HE. 

24 HR. 

FOR DOG 

1 

10-'+ 

0 



++ 

+ + 

++ 

Fatal 



1:10 



4’ + 

+ + 

++ 


2 

10-3+ 

0 






Survived 


10-4- 

1:10 

— 

- - 

— 




3 

10-3+ 

0 






Survived 


10-4- 

1:10 

— 


— 




4 

2 X 10-4+ 

0 



-- 



Survived 


10-4- 

1:10 

— 

-- 

— 



Fatal 

5 

2x10-4+ 

0 

+ + 

+ + 

++ 




10-4- 

1:10 

— 

+ - 

++ 



Fatal 

e 

10-4+ 

0 

+ + 


++ 




* 

1:10 

+ + 

++ 

++ 






1:100 


+- 

+- 

! 

Fatal 

7 

10-4 

0 

+ + 

++ 

++ 

I 



1:10 

+ + 

++ 

++ 

1 




1:100 


- - * 

+- 




+ .denotes death of 1 mouse ; - denotes suivlval of 1 mouse ; *, not tested In a 
dilution greater than 10-^ ; blank space, no test made. 


of filtered toxin with the M. L. D.® varying between 10-= to lO'h No 
toxin ivas demonstrated in the blood serum of tliese two animals, and 
they su rvived with no ill effects. In Case 1 wliere a nonfiltered toxin 

into vrldte^in'ice.*^”*'*'''^'' rougltly by dcclnuit dilutions of toxin Injected intmpcHtoneally 
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with an M.L.D. of at least 10’^ was used, the dog died and toxin was 
demonstrated in the blood serum in six hours (no titrations were made 
earlier). Further experiments demonstrated that when 3 c.c. of potent 
toxin is administered intrap eritoneally, the toxin enters the blood within 
two hours, increases in amount with time, and is fatal to the dog. The 
negative results obtained in Case 4 may possibly be explained by the 
toxin entering a viscus instead of the peritoneum. The same toxin was 
used in Case 5 with fatal results. 

TU. ACUTE INTESTINAL OBSTRUCTION EXPERIMENTS 

Dogs were prepared with isolated loops of small intestine, the ends 
carefully infolded by means of purse-string sutures, and the continuity 
of the intestinal tract reestablished by means of end-to-end anastomoses. 
Cl. hotulinum toxin was inoculated into the loop with a fine needle, 
care being taken to prevent any toxin from entering the peritoneal 
cavity. The loop was put back into the peritoneum and the incision 
closed. Blood was draivn at intervals and the serum inoculated into 
white mice to test for the presence of Cl. hotulinum toxin. The results 
are presented in Table II. 


Table II 


Botulinum Toxin in Blood Serum op Dogs Receiving 10 c.c. of Toxin Into 
Obstructed Loops op Small Intestine 



1 1 

DItiU' 
TION OF 
SERUM 


TOXIN 

IN BLOOD SERUM 
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1 
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so HR. 
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OhstnicleiJ Loop TrcrioiisJp W(,.-:he(l wilh Tannic Acid Toxin Inoculated After 

Oh.itniction liei/an 
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In Case S l!ie clog died in Uiirty-six liours. Toxin was demonstrated 
in tlie lieart blood serum and in the loo]) contents. Tlie pathologic 
picture was not typical of acute obstruction, the loop contained no 
fluid (.solid fecal matec'ial ojily) and wa.s not noticeably distended. This 
suggests that the death may have been due to factors other than ob- 
struction. The possibility suggests itself that some of the toxin may 
have leaked from the infolded ends of the loo]). Were this the ease, 
one would expect to find toxin in the blood serum at an early stage, if 



Kig. 1. — Dog 271; photograph ot x-ray taken three days after ob.sti uction. 

the results from the intrapcritoncal inoeulalions are taken mto con- 
sideration. No toxin was deniomstraled in Ca.se S before the deal i o le 


animal (thirty-six hours). . 

In Case 9 the toxin was discovered to be of lou' titer after the dog la 
been inoculated. No toxiii wa.s demonstrated in the blood serum within 
thirty hours, and, when the do*; became ill, the looj) was removed to 
save the animal. No furlher titrations were made on the blood serum, 
hut toxin was found in a specimen from the i.solafcd looj). 
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Dog 10 died in sixty hours. The loop liad perforated. T]n.s per- 
foration was apparently quite r*eeent since there was still considerable 
fluid in the loop. Blood drawn twenty-four and a half hours after 
inoculation contained some loxin as did the lieart blood in a 1 :10 dilu- 
tion. 

IV. PERMEABILITY OP Cl. BotuUmnn TOXIN- PROJI ISOLATED LOOPS 
PREPARED FROM THIRY FISTULAS 

Dogs were prepared with isolated loops of jejunum closed at one end, 
the other open end brought to the outside through a stab wound in the 
abdominal wall. The loops were permitted to drain for eight months 



Pigr. 2. — Dog 597 ; photograph of x-ray taken seven clays after operation. 


and then were carefully closed from within. At this time they ap- 
peared much atropliied. In Cases 11 and 12, 10 c.e. of botulinum toxin 
were injeeted into the loop after closure. The results are recorded in 
Table II. 

As may be seen from the table, toxin was found in the dog blood in 
Case 11. a few hours before death. In Case 12 llie toxin was found 
in Ihc heart blood taken shortly after death, but none was found in 
the serum twenly-threc hours before death. Blood cultures were made 
each time blood was drawn fo check on the pos.sibility of septicemia 
re.sultmg from rupture of the loop. All cultures remained sterile witli 

the exception of one made from blood taken very shortlv after death of 
tne animal. 
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A third dog received no botulinnm toxin. Culliires of the loop made 
before closure showed no gi’owth. The dog died in eight days. A pure 
exilture of hemoljdie streptococci was obtained from the loop fluid. Tiiis 
fluid was not toxic for mice. 

V. EXPERIMENTS WITH ISOLATED LOOPS OF INTESTINE WASHED WUTII 

TANNIC ACID BEFORE CLOSURE 

Two dogs were prepared with isolated loops of jejunum, washed with 
a 6 per cent solution of tannic acid before closure, the purpose being to 
minimize secretion and distention before the infolded loops had healed. 
One dog died from peritonitis, and the second dog was allowed to go for 
three days, at which time a second laparotom3' was performed. The 
loop was veiy distended and darkened in a few areas. Two hundred 
cubic centimeters of broumish fluid were aspirated, and hot packs were 
applied to the loop until peristalsis had returned and the circulation 
appeared good with the exception of a few areas opposite the mesenteric 
attachment. Ten cubic centimeters of botulinum toxin were injected 
into the loop. The results are tabulated in Table II. 

From the one e.xperiment wliieh was carried to completion, it may 
be seen that the toxin readily passed through the damaged intestinal 
wall. There was some leakage from the sj’ringe when the toxin was 
injected, but the amount was calculated as too small to be detected in 
the general circulation bj" mouse injection. 

VI. RELATIONSHIP OF ABSORPTION OF TOXIN AND DISTENTION OF THE 

ISOLATED LOOPS OP BOWEL 

To correlate the absorption of botulinum toxin with the degree of 
distention of the isolated intestinal segments, the following experiments 
were undertaken. Dogs were prepared with isolated loops of ileum 
into which 10 c.c. of Cl. hotuUmm toxin and 20 c.c. of barium sulfate 
solution were carefully injected before closure of tlie abdomen. The 
animals were x-raj^ed following the operation, and at the time a blood 
specimen was drarni for toxin titrations. 

X-raj' pictures were ahvaj's made on the same scale and by this pro- 
cedure, the size of the loop could be followed easilj'. Contraction due to 
peristaltic movements sometimes complicated the picture, but, in gen- 
eral, the increase or lack of increase in size could be I'cadilj^ detei’mined. 
Photographs of two sueli x-rays are shown in Figs. 1 and 2. Tracings 
of the x-raj'’s were made and are shoum in Pigs. 3 to 13. Kesults of the 
toxin assaj's are presented in Table III. 

No toxin was demonstrated in the blood serum of 5 of the 11 dogs 
studied in this manner. The toxin used in one e.xperiment (Dog 316) 
was found to be of a vei-j- low titer, and, althougli there was a gradual 
and marked distention of the isolated loop, no toxin could he detected 



Toxin and 20 c.c. oi’ Barium Sudfate Solution into Ob- 
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•Determined by guinea pig feeding experiments. 

+ denotes death of 1 moiiao ; - denotes survival of I mouse ; blanlt space, not tested. 
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A third dog received no hotulimim toxin. Cultures of the loop made 
before closure showed no growth. The dog died in eight daj^s. A pure 
culture of liemolytic streptococci was obtained from the loop fluid. This 
fluid was not toxic for mice. 

V. EXPERIMENTS WITH ISOLATED I.OOPS OP INTESTINE WASHED MOTH 

TANNIC ACID BEFORE CLOSURE 

Two dogs M'ere prepared with isolated loops of jejunum, washed with 
a 6 per cent solution of tannic acid before closure, tlie purpose being to 
minimize secretion and distention before the infolded loops had healed. 
One dog died from peritonitis, and the second dog was allowed to go for 
three days, at whieli time a second laparotomy was performed. The 
loop was veiy distended and darkened in a few areas. Two hundred 
cubic centimeters of bromiish fluid ivere aspirated, and hot packs were 
applied to the loop until peristalsis had returned and tlie circulation 
appeared good with the exception of a few areas opposite the mesenteric 
attachment. Ten cubic centimeters of botulinum toxin were injected 
into the loop. The results are tabulated in Table II. 

From the one experiment which was carried to completion, it may 
be seen that the to.xin readily passed through the damaged intestinal 
wall. There was some leakage from the sjTinge when the toxin was 
injected, but the amount was calculated as too small to be detected in 
the general circulation by mouse injection. 

VI. RELATIONSHIP OF ABSORPTION OP TOXIN AND DISTENTION OF THE 

ISOLATED LOOPS OF BOMT3L 

To correlate the absorption of botulinum toxin with the degree of 
distention of the isolated intestinal segments, the following experiments 
were undertaken. Dogs were prepared with isolated loops of ileum 
into which 10 c.c. of Cl. doUtlimim toxin and 20 c.c. of barium sulfate 
solution were carefully injected before closure of the abdomen. The 
animals were x-rayed following the operation, and at the time a blood 
specimen was drawn for toxin titrations. 

X-ray pictures were always made on the same scale and by this pro- 
cedure, the size of the loop could be followed easily. Contraction due to 
peristaltic movements sometimes complicated the picture, but, in gen- 
ei’al, the increase or lack of increase in size could be readily determined. 
Photographs of two such x-rays are shown in Figs. 1 and 2. Tracings 
of the x-rays were made and are shomi in Figs. 3 to 13. Eesults of the 
toxin assays are presented in Tabic III. 

No toxin was demonstrated in the blood serum of 5 of tlie 11 dogs 
-studied in this manner. Tlie toxin used in one experiment (Dog 316) 
was found to he of a veiy low titer, and, although there was a gradual 
and marked distention of the isolated loop, no toxin could be detee/ed 
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ill the blood stream. The remaining 4 animals died within fort 3 -eiglil 
hours, and in onlj’’ 1 was there anj-^ distention of the isolated loop. 

Evidence of absorption was obtained in 6 of the 11 dogs, and this 
was usually concomitant with the distention of the isolated loops. In 
the ease of Dog 319 no toxin was found in the blood until after tlie 


3i6 




deatli of the dog, although tlie loop was shown to have increased in size 
after fortj’’-eiglit hours. At autopsy it was found that the loop ha 
ruptured and tlie absorption of toxin noted at death was, in all proba- 
bilit 3 ', directlj- from the peritoneal cavitj’. 

Dog 501 died in three days. Autopsy' revealed a generalized peri- 
tonitis and a rupture (apparently quite recent) in the loop which cor- 
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in the blood stream. The remaining 4 animals died within fort}^-eiglil 
hours, and in onlj^ 1 Avas there any distention of the isolated loop. 

Evidence of absorption was obtained in 6 of the 11 dogs, and tliis 
was usually concomitant Avith the distention of the isolated loops. In 
the ease of Dog 319 no toxin AA'as found in the- blood until after tlie 



586 



death of the dog, although the loop AA'as .shoAA’n to liave increased in size 
after forty-eight hours. At autopsy it Avas found that the loop ha 
ruptured and tlie absorption of toxin noted at death AA'as, in all pioba- 
bility, directly from the peritoneal cavity. 

Dog 501 died in three days. Autopsy revealed a generalized peri- 
tonitis and a rupture (apparently quite recent) in the loop AA'hich eor- 
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Blood draw from Dog 271 on. the third, fourth, and fifth days after 
operation contained toxin. The serum was not toxic on the sixth day. 
Unfortunately no x-ray picture was obtained that day. On the seventh 
day presence of toxin was questionable, although the x-ray showed the 
loop to be enormously distended. The quantity of toxin in the serum of 
Dog 597 appeared to decrease after the seventh day. Pictures of the 
loop show that it decreased steadily in size after the tenth day. 

DISCUSSION 

Little is Imown about the absorption of toxin products from ob- 
structed loops of the bowel. The reason for this lack of knowledge is 
due to the diificulties of assaying many of the toxic metabolic products 
formed by the enormous number of bacteria multiplying in the ob- 
structed intestinal tract. The permeability to dyes and to chemical 
poisons does not offer a parallel situation to what naturally happens. 
It appeared to us that the toxin of Cl. hotuUmim was particularly well 
adapted to this tj^pe of experimentation, since it is a poison produced 
by bacteria; it is of sufficient potency so that very small amounts can 
be detected by the intraperitoneal injection of white mice, some of which 
have been protected with homologous antitoxin. 

Fortunately the dog has considerable resistance to this toxin as evi- 
denced by the fact that 100 e.c. of a potent toxin may be fed to dogs 
with impunity; whereas, a fraction of 1 c.c. is lethal for man, monkeys, 
and guinea pigs. Tliis resistance enables the dogs to survive for a long 
time when a lethal dose of toxin for the white mouse (intraperitoneal 
route) is present in each cubic centimeter of dog’s blood. Another ad- 
vantage to the use of botulinuni toxin was tliat the toxin is not readily 
destroyed in the contents of the isolated loop of bowel. 

Our experiments indicate that the toxin of Cl. hotulinum, which in 
moderate quantities is not absorbed from the normal intestinal tract of 
dogs, is readily absorbed from obstructed bowel segments. The results 
strongly indicate that when distention occurs, the toxin enters the blood 
stream. The possibility that the toxin may have leaked from the loops 
or may have been absorbed from the loop ends is precluded in view of 
the fact that it took a long time for it to be detected in the blood when 
introduced into isolated loops of bowel; ivhereas, toxin introduced intra- 
peritoncally can be demonstrated in as short a period as two hours. 

SUMWARY AND CONCLUSIONS 

1. Cl. -boiulinum lo.xin lias not been demonstrated to pass through tlic 
normal mtc.stinal wall of dogs when fed in quantities of 50 c c or less 
Feeding of larger quantities occasionally resulted in absorption but 
never m large amounts. 
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responded to tlie outpoucliing evident in the x-ray taken on the second 
day after operation. Toxin was found to be present in the blood stream 
trventy-four and again forty-eight hours after operation. 

In 4 of tlie animals rather elear cut evidence of absorption of to.xin 
into the blood stream was obtained when distention of the loop occurred. 
In Dog 3SS death occurred on the sixth day after operation. X-ray 



Fig:. 12. 






pictures revealed a steady increase in size of the loop each day, an 
steady increase of botniinum toxin was found in the serum. It mai 
be noted tliat in Dog 621, the greatest amount of toxin was found foiu 
days after obstruction, after which time it decreased steadily. Prom 
tlie x-ray picturc.s one may note that the distention ivas greater on the 
third day, after wliieh it dcerea.scd until tlie eigiitli day. 
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Blood di’awn from Dog 271 on the third, fourth, and fifth days after 
operation contained toxin. The serum was not toxic on the sixth day. 
Unfortunately no x-ray picture was obtained that day. On the seventh 
day presence of toxin was questionable, although the x-ray showed the 
loop to be enormously distended. The quantity of toxin in the serum of 
Dog 597 appeared to decrease after tlie seventh daj^ Pictures of the 
loop show that it decreased steadily in size after the tenth day. 

DISCUSSION 

Little is known about the absorption of toxin products from ob- 
structed loops of the bowel. The reason for this lack of knowledge is 
due to the difficulties of assa 3 dng manj^ of the toxic metabolic products 
formed by the enormous number of bacteria multipljdng in the ob- 
structed intestinal tract. The permeability to dj'es and to chemical 
poisons does not offer a parallel situation to wliat naturalty happens. 
It appeared to us that the toxin of Cl. botuUnum was particularty well 
adapted to this type of experimentation, since it is a poison produced 
by bacteria; it is of sufficient potencj’' so that ver.v small amounts can 
be detected bj" the intraperitoneal injection of wiiite mice, some of which 
have been protected with homologous antitoxin. 

Fortunately the dog has considerable resistance to this toxin as evi- 
denced bj’’ the fact that 100 e.c. of a potent toxin may be fed to dogs 
with impunity; whereas, a fraction of 1 e.c. is lethal for man, monkeys, 
and guinea pigs. Tliis resistance enables the dogs to survive for a long 
time nhen a lethal dose of toxin for the white mouse (intraperitoneal 
route) is present in each cubic centimeter of dog’s blood. Another ad- 
vantage to tlie use of botulinum toxin was that the toxin is not readily 
destroyed in the contents of the isolated loop of bowel. 

Our experiments indicate tliat the toxin of Cl. botuUnum, which in 
moderate quantities is not absorbed from the normal intestinal tract of 
dogs, is readilj- absorbed from obstructed bowel segments. The results 
sliongly indicate that when distention occurs, the toxin enters the blood 
stieam. The possibility that the toxin maj'^ have leaked from the loops 
01 may have been absorbed from tlie loop ends is iirecluded in view of 
the fact that it took a long time for it to be detected in tlie blood when 
mtioduced into isolated loops of bowel; whereas, toxin introduced intra- 
peiitoneally can be demonstrated in as short a period as two hours. 

SUMMARY AND CONCLUSIONS 

Cl. hotiilinum toxin has not been demonstrated to pass through the 

Pecd\t "oTl" quantities of 50 c.c. or less. 

^^Sci quantities oeeasionallv resulted in absoriition, but 
ne\ er ni large amounts. 
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2. This toxin injected intraperitoneally, in suitable doses, is readily 
absorbed into the blood stream. The toxin may be demonstrated in the 
blood within two hours; it increases in quantity with time, and is lethal 
to the dog. 

3. Absorption of Cl. hotulinum toxin placed in small quantities in 
obstructed segments of the small intestine of dogs has been demonstrated. 
The distention of the isolated loops was followed bj" x-ray pictures and 
tliere appeared to be some correlation between the demonstration of toxin 
in the blood stream with distention of the loops. Gross necrosis of the 
distended segments did not always oceur where there was absorption, 
but devitalization of the bowel segments greatly facilitated the appear- 
ance of toxin in the blood stream. 



PNEUMOPERITONEUM IN PERFORATIONS OP THE GASTRO- 
INTESTINAL TRACT 

J. Randolph Paine, M.D., and Leo G. Riglek, M.D., 
Minneapolis, Minn. 

(From the Departments of Surgery and Sadiology of the University of Minnesota 
Medical School and the University 'Hospital) 


INTRODUCTION 

S INCE tlie diagnosis of “acute abdomen’' is no longer, in all cases, 
considered to be indicative of an immediate operation, an ever 
increasing importance must be placed on tbe correct diagnosis of 
acute lesions witliiii the peritoneal cavity. That the usual physical 
examination by means of inspection, palpation, percussion, and auscul- 
tation is insufficient to arrive at a correct diagnosis in many such eases 
is only too well known to every surgeon who sees these conditions. 
In eases of frank perforation of a peptic ulcer, the diagnosis is fre- 
quently easy, but in many instances of imminent or forme fruste per- 
forations of a duodenal or gastric ulcer, as well as in cases of trauma 
to the abdomen with perforation of the small intestine or colon, the 
percentage of wrong diagnoses is quite appreciable. Any practical 
means of arriving at an exact diagnosis of whether actual perforation 
has occurred would be of great value in the treatment of this tjqie of 
disease. 

In 1915, Popper® first suggested the x-ray visualization of a sub- 
phrenic collection of gas with the patient in an upright position as an 
aid in the diagnosis of perforated peptic ulcers. In the following 
year, Lenk'* noticed the occurrence of pneumopei’itoneum following 
bullet wounds of the abdomen and recommended the use of x-ray 
examination in the diagnosis of perforations of the gastrointestinal 
tract. Dandy,® in 1919, noted a subphrenic pneumoperitoneum on the 
chest plate of a patient with a perforated ulcer of the transverse colon. 
This chance observation later led to the development of ventriculog- 
raphy. Vaughan and Brams'® in 1925 published the first series of 
eases of anj" size in which this method of diagnosis ivas used. Thej- 
found that subphrenic accumulations of gas could be demonstrated in 
86.2 per cent of 29 proved eases of acute perforation of peptic ulcers. 
Other series have been reported as follows: 


V.-.ug)ian and Singer (1929) :» 63 proved cases of perforated peptic ulcer- 

al cases showed presence of pneumoperitoneum on x-ray exainination-87 per cent 
Finsterbusch and Gross (1932) no proved cases of perforated peptic ulcer’ 

foZt poTceuL by x-ray examina- 


Rocol%'cd for publication, Aug*. 30, 3337. 
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2. This toxin injected intraperitoneally, in suitable doses, is readilj' 
absorbed into the blood stream. Tlie toxin maj’’ be demonstrated in the 
blood witbin two hours; it increases in quantity with time, and is lethal 
to the dog. 

3. Absorption of Cl. hohilin'iim toxin placed in small quantities in 
obstructed segments of the small intestine of dogs has been demonstrated. 
The distention of tlie isolated loops was followed by x-ray pictures and 
there appeared to be some correlation between the demonstration of toxin 
in the blood stream with distention of the loops. Gross necrosis of the 
distended segments did not alwaj's occur where there was absorption, 
but devitalization of the bowel segments greatlj" facilitated the appear- 
ance of toxin in the blood stream. 
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short attacks of epigastric discomfort with pain, radiating to the right shoulder. 
Tliese attacks usually followed meals and lasted ten to hfteen minutes. At no 
time had she been confined to her bed.^' Physical examination was essentially nega- 
tive except for the absence of liver dullness on percussion of the abdomen. Var- 
ious x-ray films of the abdomen (Pig. 1) showed the presence of a massive pneumo- 
peritoneum. Roentgen examination of the stomach and colon^ as well as a chole- 
cystogram, were all negative. Despite the fact that the patient was afebrile and 
had no acute complaints or evidences of peritonitis, an e.xploratory laparotomy was 
advised. This the patient refused and left the hospital nineteen days after admis- 
sion. A definite cause for the pneumoperitoneum was never determined. 

EXPERIMENTAL OBSERVATIONS 

In an effort to obtain data eonceniing- iiotv much reliance might be 
safely placed on negative x-ray findings in suspected cases of ga.stric 
and intestinal perforations, certain observations ivere made on thirteen 
patients incidental to the prodnetion of a diagnostic pneumoperitoneum. 



Fig. 1. — Spontaneous pneumoperitoneum, cause undetermined. Roentgenogram of 
abdomen, upright position, showing gas accumulated (arrows) under each diaphragm. 
The shadow of the gas-filied stomacli and colon and the density of tlie spleen can be 
seen on the left side. This appearance is characteristic of pneumoperitoneum whether 
spontaneous or artiflcial. In tins case no cause for the pneumoperitoneum could be 
ascertained and tliere was no evidence of peritonitis. 


Similar observations were made on five cadavers shortly after death. 
These experimental observations were begun at the suggestion of 0. H. 
Wangensteen and had as their pui-pose the determination, if possible, 
of hoiv small a quantity of gas could be seen regnlarlj' under the 
diaphragm and, in particular, under the right dome of the diaphragm. 

It seems strange that this important point has not been detemiined 
before, hut tlie only references to it in tlie literature are the statement 
by Vaughan and Brams in 1925» that only a few enbic centimeters of 
air were required to he seen by the x-ray method, and the statement 
by Pnedman in 1.9.34^ that no definite determination had been made 
as to the smallest amount of gas that would east a .shadow, hut that 

x-rirfihf on an 
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SpinzifT (3933) 21 proved cases o£ perforation of tlic gastrointestinal tract: 

-I cases slionod tlic presence of gas by x-ray examination—lOO per cent. 

.Tolmson (1937) :o i2 proved oases of perforated ga.stric and duodenal ulcers; 
oo cases showed tlic presence of gas by x-ray e.xainination~S3 per cent. 

Petrdn (1937)j8 jq proved eases of perforated gastric, duodenal, and gastro- 
jepmal ulcers; 27 showed the presence of gas by x-ray examination — 08 per cent. 

CRITraiA OP PERFORATION 

TIte criteria by ■\vbiclt writers have considered free perforations to 
be proved have been, in practically all cases, the demonstration at 
operation or autopsy of a perforation iji free commnnieation witli tlie 
general peritoneal cavity, or tlte demonstration of a pnenmoperitotieinn 
by x-ray. A moment’s consideration iri]! slioiv tliat figuves drawn from 
a series of cases based on tiie above criteria must be somewliat weighted 
ill favor of the aceuracj' of x-ray diagnosis, since no account is taken of 
those cases of perforation, such as the sealed or forme frnste type wiiich 
shows no gas by x-ra^y examination, which is not operated upon, and 
which is not antopsied. It should be borne in mind further that failure 
to find a perforation at operation or during the course of a routine 
autopsy does not absolutely exclude the possibility of its presence. 
On the other hand, there ai'e certain objections to the acceptance of 
the presence of a pneumoperitoneum without confirmation at autopsy 
or operation as proof of a gastrointestinal perforation in the nsnal 
sense. The fact that a ruptured appendix might theoretically give 
rise to a pneumoperitoneum mn.st not be overlooked. lYliilo in our 
experience such a condition has not been detected in a large number 
of roentgenograms taken for tlie purpo.se of determining whether 
pneumoperitoneum was present in frank eases of perforation of the 
appendix, isolated ease repoi'ts do appear in the lileratiiro. Gases of 
so-ealled "gas peritonitis," in which a peritonitis with the concomi- 
tant formation of free gas in the peritoneal caviti' is present, iiave ap- 
peared rather frequently in the recent German literature. One such case 
has been seen at the University of Minnesota Hospitals. 

Case Report. — A forty-tlu-ee-year-old Me.xican woman presented an acute inflam- 
luatory lesion in the abdomen. A large unencapsulated pnoiiraDpcritoneum was 
demonstrated by x-ray c-xaraination. Under a diagnosis of perforated peptic u ccr, 
this patient was oporatod upon. Careful exploration of the abdomen reveaed no 
sign of a perforation of the gastrointe-Stinal tract nor any source of tlie gcncr.dizet 
peritonitis which was present. Tiie patient died, but autop.sy was not permitted, n 
the absence of a carefully performed autopsy, it must be admitted tbe possibiliti 
of a gastrointestinal perforation was not completely excluded. 

Jiaro eases are seen in whicli gas is found iu the peritoneal eaviti 
without symptoms and without obvious cause. One such instance has 
been observed at this ho.spital (Pig. 1), 

in the ^ thirly-one-yoar-old wliite woman Jiad complained of vague pain 

"er part of her hnck for three months. During thi.s time .she had fovcral 
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tients in tlie left lateral decubitus position ; i.e., a posteroanterior pro- 
jection with the patient lying on the left side. 

The results of these observations showed that when small quantities 
of air (10 c.c.) were injected, all, or portions, of it frequently re- 



mained localized for a short time at flip tiJ+p pf • • 4 ,- 

after a few seconds particularlr 5f tL 1 1 ejection. Usually 

the patient took several de ’ ? was massaged or if 

beneath the diaphraam In tt tended to accumulate 

cuaplnagm. In the average case 20 to 30 c.e. of air had 
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^ Observations Incidental to Diagnostic Pneumopcritonenm.-In 
urteen patients, with abdominal lesions, pneumoperitoneum was pro- 
duced for purposes of diagnosis. The gas injected was either air, 
oxygen, or carbon dioxide. Carbon dioxide was used in the majority 
of the cases as it was found that quantities of this gas as large as 
1,600 c.c. were almost completely absorbed from the peritoneal cavity 
within a few hours. During this time the desired x-ray films could be ' 
made and the discomfort which the injection of gas occasionally pro- 
duced was diminished to a minimum. However, in the preliminary 
experimental observations made on these patients and reported here, 
air was used as the injected medium to obviate the rapid absorption 
of carbon dioxide.* 



Figr. 2. — -Artificial pneumoperitoneum. Roentgenogram of abdomen In upriglil posi- 
tion demonstrating outline of liver, gallbladder, spleen, and adhesions. Note complete 
absence of gas under right diaphragm, between left lobe of liver and left dinphrngm, 
and between spleen and left diaphragm. There appears to be a small segment of left 
diaphragm under which the gas has accumulated. Due to adhesions even tlic large 
amount of air injected does not accumulate in the subphrenic spaces. 


The abdominal wall, at a point slightly below the umbilicus and 
about two inches to one side of the midline, was infiltrated with 1 per 
cent novocaine. The patient was then placed on the fluoroscopic table 
in the vertical position and small measured quantities of air were in- 
jected into the peritoneal cavity bj- means of a needle inserted through 
the anestlietized area. During tlie time of the injection and at fre- 
quent intervals immediate] 3 - afterwards, the site of injection and tl\e 
subdiapliragmatie areas were observed throngli the fiuoroscope. Siini- 
lar inj ections and observations U'ere also made with some of the pa- 


Sliown that 1.200 to l.COO c.c. of carbon dioxide arc com- 
or oxysen arc absorb(!rt‘'^i?fhin'”V^’ twenty-four hours. Similar ouantltles 

demonstrated by x-niv days. The same amount of air. a.s 

wecjc.s after inlcction ^ will not be completely absorbed for ns long as two 
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position is of very great value iiiicler such conditions as gas can thus 
he demonstrated hetiveen the lateral abdominal wall and the liver 
even if the snbphrenic space is sealed, 

B. Ohscvvniions Made on Cadavers . — ^The above observations indi- 
cated that small amounts of air injected into the peritoneal cavity of 
the average patient at a point some distance from the diaphragm prob- 
ably did not reach the snbphrenic spaces immediately or in their en- 
tirety. The following experiments Avere therefore performed on hve 
cadavers ivithin two horn’s after death. 

The cadaver was first strapped to the fluoroscopic table and then 
placed in the vertical position. A small portion of the ninth or tenth 



Fig. 5. — Same case as sRown in Fig. 4. Posteroanterior roentgenogram in left lateral 
decubitus position showing shitting of gas which occupies the space between the 
lateral abdominal wall, the diaphragm, and the liver. The Suid level has also shitted 
•so that it Is parallel to the long axis ot the body. 


rib in the midaxillary line on the right side was resected, and by 
mean.s of a syringe and bjiiodermic needle, varying quantities of air 
were injected tlirongh the diaphragm directly into the snbpbrenic 
space. As soon as any suggestion of air between the diaphragm and 
upper surface of the liver could be seen with the fluoroseope, an x-ray 
film was e.xpo.sed on tlie fluoroscopic table. 

In two of the cadavers 5 e.c. of air wa.s clearly vi.sualized (Fi-r ga) 
and in all five cadavers 10 e.c. was readily seen without any difficulty 
(Fig. 31.). Similar observations made witli the cadaver in the left 
Moral ,„Hi, ion imlicM that larsor „£ 

20 e.c.) had to be injected to he seen regularly. ^ 
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to be injected before su miinistakable sub 2 )]ireuic aecuniulatiou eouid 
be seen. In tJie occasional case quantities of air as large as 50 c.c. bad 
to be used and in these cases the place ndiere it was often seen first 
was lateral to the right lobe of the liver instead of above it. It Avas 
our impression that air tended to accumulate more frequentlj' and in 
larger amounts under the right dome- of the diaphragm than under 
the left. In anj^ event, a small quantity of air was more frequent!}' 
and more quickly observed under the right dome than under the left. 
In one case, despite the establishment of a large diagnostic pneumo- 



Fie. 4 .—Spontaneous perforation of of pn^^^under both dlapliriifrm.s. 

upright position showing cliaracteristic °qho*\vn bv tlic dense horizontal 

The presence of Buid in tiie peritoneal cavitj is also shown o> 
shadow beneatJi the gas, i. e., the flina Ic^ei. 


peritoneum of 1,400 c.c. of carbon dioxide, no gas ever ‘iPl^m-cd nnder 
the right diaphragm and only a small portion under the e t ( lo- - • 
At that time, this observation Ava.s interpreted as indicating extensiAc 
adhesions between the under .surface of the diaphragm and Ihe iaci 
and .spleen. A .subsequent laparotomy demonstrated the presence o 
atf extensive tnberctilous peritoniti.s. It is obvious that in cases of 
thi.s type c.wiminati'on in the iiprigJit po.sition, ns nsnally done, would 
fail cntircl.v to reveal gas. E.vamiiiation in the left lateral dccuhitus 
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whieli had occurred five hours before the x-ray examination was made. 
The x-ray films taken in the other case were poor exposures, but we 
are unable to say whether failure to demonstrate a pneumoperitoneum 
was dependent on this poor technique or some other factor. "With 
small quantities of gas, films of poor quality may readily prevent a 
correct diagnosis. 

In the 6 cases in which a pneumoperitoneum was demonstrated 
by x-ray study, gas was seen tmder both sides of the diaphragm in 
every instance (Fig. 6). Roentgen examination was made with the 
patient in the left lateral decubitus position in only two instances. 
(Fig. 7.) 

B. Perforations of the Duodenum . — ^Thirty cases out of a total of 37 
proved eases of perforation of the duodenum at the site of duodenal 
ulcers were submitted to x-ray examination. Free gas in the peritoneal 
cavity could be demonstrated in only 22 instances, or 73.3 per cent. 
An x-ray film with the patient in the vertical position was made in 
each of the 22 cases (Pig. 5). A film with the patient in the left 
lateral decubitus position as well as the vertical position was made in 
only 14 instances (Pig. 6). In 3 eases free gas could be seen on the 
upright plate, but not on the decubitus film. In 1 ease free gas could 
be seen on the decubitus film, but not on the upright. Of the 21 cases 
in which a free subphrenic pneumoperitoneum ivas present in the 
upright film, it was present under the domes of both diaphragms in 10 
instances ; under the right dome but not the left, in 9 instances ; and 
under the left dome but not the right, in 2 instances (Pig. 8) . 

One of the 8 proved cases of perforation of the duodenum which 
did not show the presence of free gas in the peritoneal cavity by x-ray 
examination was an extremelj^ obese moribund patient in which the 
x-ray films were not clear enough to be read satisfactorily. Failures 
in diagnosis due to such a cause have been included in our series, 
since for practical purposes they constitute a valid objection to the 
use of the x-ray method of diagnosis. 

No adequate explanation of the failure to visualize gas by x-ray 
examination in the other 7 cases of duodenal perforation is apparent 
All were perforations of duodenal ulcers in the anterior wall of the 
first or second portions of the duodenum. The average size of the 
perforation was 5 mm. The average time interval between perfora- 
tion and x-ray examination was five and one-half hours. 


C. Perforations of the Small Intestine .— diagnosis of perforation 
of the je.iunum or ileum was made in 4 instances. Each of these per 
forations was demonstrated at either operation or autopsy examina- 
tion. Two of these 4 cases were submitted to x-ray examination. One 
was a perforation of a tuberculous ulcer in the distal portion of the 
ilemn. Tins ease was seen at the hospital and x-rav examination 
m„do .Ifter ,I,„ ^currerF™ 
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TECIXKrQVE OF X-RAY EXAMINATION IN CUNICAE CASES 

iLtlZtSLT. 7' ''""'•““OPi" „,„e„ I, . 

e^posm^ h‘.i I.!! T’' Ip tie p«st *„■ re.,„ a,„e 

uprislit fK» mtli the patient 

Plight {Rg. 4), one ,ni ontoi-oposterior ipitli Hie poHent simine aini 

11th Hie light sKle np (Pig, 5), j,, n, p^^t ,-e.r these films have 

P™- ‘1 «.»* «.e.r iv..-e 


ANALYSIS OP CLINICsU, CASES 

At the University of ilfiiinesota Hospitals a diagnosis of perforation 
of tie stomach, duodenum, jejunum, ileum, or eoJon was made in 70 
instances during the ten-year period, 1927 to 1937. Forty-seven of tliese 
70 cases were submitted to x-ray examination to determine the presence 
or absence of a suhphrenic pneumoperitoneum. In 56 of these 70 pa- 
tients tie presence of a perforation was demonstrated at either operation 
or autopsy. In 6 other eases the actual proof of perforation Was de- 
pendent upon tie demonstration of a pneumoperitoneum by. x-ray 
examination. In tiie remaining 8 cases the diagnosis of perforation was 
based on the clinical findings and physical examination alone. These 
70 perforations were divided with respect to anatomic location as follows,- 

Anatomic Location of Perforations op Gastrointestinae Tract; Universitv 
OF Minnesota Hospitals, 1927-1937 


DIAO-VO.SIS confirmed UY : 
operation X-RAY" - HISTORY AND 

OR examination physical exaji- 

AUTOFSY alone ination alone 


StOHiacIi 

14 

11 

■ 1 

■ « 

Duodenum 

4.3 

33 

4 

G 

Small intestine 

4 

4 

- 

- 

Colon 

9 

8 

1 

“ 


50 G 


Total 

70 

62 

8 


A. Perforations of the SfomacJn — In the 14 instances of perforation 
of the stomach, 12 peptic ulcers, and 2 carcinomas, definite proof of 
perforation Yvas obtained in 12. Only 8 of these cases, however, iverc 
submitted to x-ray examination and in 6 cases only was free gas demon- 
•strated in tlie peritoneal cavit\'. In other words, the x-i’ay dingnosi.s 
of perforation was only 75 per cent correct in tliis small series of cases. 
One of the 2 proved cases of perforation in which x-ray examination 
tailed to demonstrate a free pnenniopcritoneum ivas a 4 mm. porfora- 
on on the anterior .surface of the pyloric portion of the stomach 
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gas was seen wnder botli domes of tlie diapIiTagm iu a roentgenogram 
taken with the patient in the upright position. The other ease wms 
that of a hoy with a perforation of the jejunum. The first examina- 
tion, eight hours after the perforation, failed to show any signs of a 
pneumoperitoneum. A second roentgen examination, sixteen hours 
later, showed the presence of gas beneath the left dome of the dia- 
phragm. 

The results of the x-ray examination in these 2 eases agree well 
with our clinical impression that in early perforations of the small 
intestine roentgenography is of much less Amine in diagnosis than in 
those cases where a considerable inteiwal has elapsed betAveen the per- 
foration and the x-ray examination. 



Fig. 8. — Perforation of duodenal ulcer. Koentgenogram of abdomen in upright 
position showing a. large amount of gas under the left diaphragm, while none can 
be seen on the right side. The confusing shadows on the left side caused bv the gas 
in the stomach and colon arc apparent. 


D. Pcr/orafioiis of the Colon . — ^The experience of any large hospital 
attests the fact that the most common cause of perforation of the 
colon is obstruction of that organ. This is brought about by the fact 
that iu the great majority of patients the ileocecal spliincter and rmlve 
effectually precludes the retrograde passage of feces and gas which 
gain entrance to the colon oi’ are produced there. An increasing intra- 
colonic pressure, such as occurs in obstruction, Avill in time produce 
necrosis and npitnre of llie ceenm by stopping the flow of blood 
through the vessels m its walls. Thus the mechanism and clinical 
course of perforations of the colon are different from the usual 
mecl, cli„ic.l „J tie stomach and 
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Witli "very small quantities of gas, however, after it lias reached the 
subphrenic space, the shadow may be obscured by the dome of the 
liver on the right side or a distended stomach on the left unless the 
x-rays are directed in a fairly exact vertical direction with respect to 
the longitudinal axis of the body and unless the longitudinal axis of 
the body is vertical with the floor at the time the x-ray examination is 
made. This is purely a question of gravity. Technical difficulties due 
to unusually large patients, inability of the patient to cooperate in 
stopping respiratory movements, technical errors which are prone to 
occur in cases which are examined under emergency conditions, all 
tend to militate against clear visualization of the faint shadow pro- 
duced by small quantities of gas. 

Those factors, however, which operate to prevent the escape of gas 
through a perforation are probably of more significance in decreasing 
the accuracy of x-ray diagnosis. The influence which the concomitant 
presence of both fluid and gas in a rnseus at the time of perforation 
plays in the escape of gas from that viscus would seem quite appreci- 
able if the site of perforation should happen to be located below the 
fluid level. Unless the patient assumes a supine or left lateraTposition 
following a perforation of the stomach or duodenum, a considerable 
quantity of fluid may escape before any gas can gain access to the 
free peritoneal cavity. Occasionally food particles or plugs of mucus 
become caught in the perforation and serve as an adequate seal until 
the Reaction of the surrounding peritoneum and omentum has effec- 
tively localized or walled off the perforation. In some instances the 
redundant mucosa of the stomach and small intestine maj’- prolapse 
through the perforation and prevent the escape of gas for a variable 
period of time. Recent experimental work by Bergh, Bowers, and 
■Wangensteeid on the factors influencing the development of peri- 
tonitis in perforations of the gastrointestinal tract of dogs has a direct 
bearing on this question. 


THE VALUE OF ROENTGEN EXAMINATION IN THE LEFT LATERAL 
DECUBITUS POSITION 


X-ray examinations of 14 patients with perforation of the duodenum 
were made with the patient in both the upright and left lateral de- 
cubitus positions (Figs. 5 and 7). In no other type of perforation have 
enough examinations in the left lateral decubitus position been made to 
fuimish a basis for appraisal of this procedure from a diagnostic stand- 
point. In .1 patients a pneumoperitoneum was seen in the uprio-Jit 
position, but not in the lateral position, and in only 1 patient did the 

examniation m the lateral position permit a diagnosis when the up- 
riirht failod- ^ 


The left lateral decubitus position, however, has several advanta-c 
In the occasional case m winch the subphrenic space is obliterated“h, 
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duodenum. We have included them, however, for the sake of 
completeness. Niue cases of perforation of the colon have been ob- 
seived. Eight of these perforations have been verified by operation 
or postmortem examination. Proof of perforation in the* remaining 
case rests on the ^dsualization of a free pneumoperitoneum on an x-ray 
film. ^ An x-ray examination was made in 7 of these 9 cases of per- 
foration and free pneumoperitoneum was seen in all of them. The 
cause of perforation was carcinoma of the colon with obstruction in 
5 cases; obstruction of the sigmoid flexiire in a strangulated left in- 
direct inguinal hernia, in 1 case; rupture of the uterus which was 
adherent to the sigmoid flexure, in 1 ease; pei'foration of an ulcer of 
the colon, the etiology of which was not determined, in 1 case; and 
the accidental perforation of the nmll of the colon with a suture in tlic 
closure of a laparotomj’^ incision, in 1 ease. 

None of the 7 cases of perforation of the colon ndiich were sub- 
mitted to x-ra 3 ' examination were earlj' perforations. The time in- 
terval between perforation and x-fay examination was over twentj'- 
four houx's in every case and as long as several daj's in some cases. 
Pour of these 7 perforations occurred in the presence of obstruction 
of the colon. Tiiese two factors, i.e., a lapse of at least twenty-four 
houi’S betxveen perforation and x-i’aj'' examination and the presence of 
obstruction with the concomitant large accumulation of gas in the 
colon at the time of perforation, maj’- explain the fact that, roentgen- 
ograph}'’ was 100 per cent cori’cet in the diagnosis of those lesions. It 
is quite doubtful that an equal degx-ee of accuracy is attained by 
roentgen examination in early cases of colonic pex'foration or in cases 
occurring in the absence of colonic obstruction. 

FACTORS TENDING TO DECREASE THE ACCURACY OP X-RAY DIAGNOSIS 
IN PERFORATIONS OF THE GASTROINTESTINAL TRACT 

One may well ask that if such small quantities of gas ns 5 to 10 c.e. 
can be consistently seen in the subphrenic space on an x-ray film, vhj is 
not the accuracy of diagnosis by x-ray examination in cases of mtra- 
abdominal perforation of the gastrointestinal tract even greater than 
the usually reported 85 per cent. The answer to this question cannot 
be stated with cei’tainty, but several factors seem to merit consideration. 

If one assumes that a vei’y small quantity of gas has escaped fiom 
the stomach or intestine, it wiU reach the subphrenic space in a short 
time, provided the space has not been obliterated by adhesions and 
provided the jmtient assumes at least a semiereet position for two or 
thi’ee mimxtes befoi’e the x-i’ay examination is made. Rnbiii*” has 
stated tJiat, in the living patient, when an artificial pneumoperitonenm 
has been created gas collects under the riglit diaphragm in two or 
three minutes. Geicr'* lias I’eportcd a ease of perforation of a gastric 
ulcer ill which gas was seen under the dinpliragin ten minutes follow- 
ing the perforation. 
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With very small quantities of gas, however, after it has reached the 
snbphrenic space, the shadow may be obscured by the dome of the 
liver on the right side or a distended stomach oii the left unless the 
x-rays are directed in a fairly exact vertical direction with respect to 
the longitudinal axis of the body and unless the longitudinal axis of 
the body is vertical with the floor at the time the x-ray examination is 
made. This is purely a question of gravity. Technical difficulties due 
to unusually large patients, inability of the patient to cooperate in 
stopping respiratory movements, technical errors which are prone to 
occur in cases which are examined under emergency conditions, all 
tend to militate against clear visualization of the faint shadow pro- 
duced bj^ small quantities of gas. 

Those factors, however, which operate to prevent the escape of gas 
through a perforation are probably of more significance in decreasing 
the accuracy of x-raj' diagnosis. The influence which the concomitant 
presence of both fluid and gas in a auscus at the time of perforation 
plays in the escape of gas from that viscus Avould seem quite appreci- 
able if the site of perforation should happen to be located below the 
fluid level. Unless the patient assumes a supine or left lateral position 
following a perforation of the stomach or duodenum, a considerable 
quantity of fluid may escape before any gas can gain access to the 
free peritoneal cavity. Occasionally food particles or plugs of mucus 
become caught in the perforation and serve as an adequate seal until 
the .reaction of the surrounding peritoneum and omentum has effec- 
tively localized or Availed off the perforation. In some instances the 
redundant mucosa of the stomach and small intestine may prolapse 
through the perforation and preA'ent the escape of gas for a A'ariable 
period of time. Recent experimental work by Bergh, Bowers, and 
Wangensteen^ on the factors influencing the dcA^elopment of peri- 
tonitis in perforations of the gastrointestinal tract of dogs has a direct 
bearing on this question. 


THE VAbUE OF ROENTGEN EXAJIINATION IN THE bEFT bATERAb 
DECUBITUS POSITION 


X-ray examinations of 14 patients Avith perforation of the duodenum 
Avere made Avith the patient in both the upright and left lateral de- 
cubitus positions (Pigs. 5 and 7). In no other type of perforation have 
enough examinations in the left lateral decubitus position been made to 
furnish a basis for appraisal of this procedure from a diagnostic stand- 
point. In 3 patients a pneumoperitoneum was seen in the upright 
position, but not in the lateral position, and in only 1 patient did the 
examination in the lateral position permit a diagnosis Avhen the un- 
'■ight failed. 


The left lateral decubitus position, however, has several adA-antages. 
In the occasional case in which the subphrenie space is obliterated^by 
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duodenum. We have included them, however, for the sake of 
completeness. Niue cases of pei'foration of the colon have been ob- 
served. Eight of these perforations have been verified by operation 
or postmortem examination. Proof of perforation in the remaining 
case rests on the ■\dsualizatioii of a free pneumoperitoneum on an x-ray 
film. An x-raj"- examination was made in 7 of these 9 cases of per- 
foration and free pneumoperitoneum was seen in all of them. The 
cause of perforation was carcinoma of the colon with obstruction in 
5 cases; obstruction of the sigmoid flexure in a strangulated left in- 
direct inguinal hernia, in 1 ease; rupture of the uterus which was 
adherent to the sigmoid flexure, in 1 case; perforatioir of an ulcer of 
the colon, the etiology of which was not detei’mined, in 1 case; and 
the accidental perforation of the wall of the colon with a suture in the 
closure of a laparotomy incision, in 1 case. 

None of the 7 eases of perforation of the colon which were sub- 
mitted to x-ray examination were early jjerforations. The time in- 
terval between perforation and x-raj' examination was over twentj’- 
four hours in every case and as long as several days in some eases. 
Pour of these 7 perforations occurred in the presence of obstruction 
of the colon. These two factors, i.e., a lapse of at least twenty-four 
hours between perforation and X'ra 3 ’’ examination and the presoice of 
obstruction with the concomitant large accumulation of gas in tlic 
colon at the time of perforation, maj-- explain the fact that roentgen- 
ogi'aphj'- was 100 per cent correct in the diagnosis of these lesions. It 
is quite doubtful that an equal degree of accuracy is attained by 
roentgen examination in earlj'- eases of colonic perforation or in cases 
occurring in the absence of colonic obstruction. 

FACTORS TENDING TO DECREASE THE ACCURACY OF X-RAY DIAGNOSIS 
IN PERFORATIONS OP THE GASTROINTESTINAL TRACT 

One may well ask that if such small quantities of gas as 5 to 10 c.c. 
can be consistently seen in the subphrenic space on an x-ray film, why is 
not the aceurac.y of diagnosis by x-raj^ examination in eases of intra- 
abdominal perforation of the gastrointestinal tract even greater than 
the usually repoi-ted 85 per cent. The answer to this question cannot- 
be stated with certainty, but several factors seem to merit consideration. 

If one assumes that a very small quantity of gas has escaped from 
the stomach or intestine, it will reach the subphrenic space in a short 
time, provided the space has not been obliterated b\' adhesions anc 
provided the patient assumes at least a semierect position foi' tuo oi 
three minutes before the x-ra.v examination is made. Rubin las 
stated that, in the living patient, when an artificial pneumoperitoneum 
lias been created gas collects under the right diaphragm in two oi 
three minutes. Geiei"' has reported a ease of perforation of a ga.S'tric 
ulcer in which ga-s "’as seen iindcr the diaphragm fen minutes follow- 
ing the perforation. 
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With very small quantities of gas, however, after it has reached the 
snhphrenie space, the shadow may be obscured by the dome of the 
liver on the right side or a distended stomach on the left unless the 
x-rays are directed in a fairly exact vertical direction ivith respect to 
the longitudinal axis of the body and unless the longitudinal axis of 
the body is vertical with the floor at the time the x-ray examination is 
made. This is purely a question of gravity. Technical difficulties due 
to unusually large patients, inability of the patient to cooperate in 
stopping respiratorj' movements, technical errors- which are prone to 
occur in eases which are examined under emergenc3’’ conditions, all 
tend to militate against clear visualization of the faint shadow pro- 
duced by small quantities of gas. 

Those factors, however, which operate to prevent the escape of gas 
through a perforation are probably of more significance in decreasing 
the accuracy of x-my diaguosi.s. The influence which the concomitant 
presence of both fluid and gas in a viseus at the time of perforation 
plays in the escape of gas from that auscus would seem quite appreci- 
able if the site of perforation sliould happen to be located beloiv the 
fluid level. Unless the patient assumes a supine or left lateral position 
following a perforation of the stomach or duodenum, a considerable 
quantity of fluid may escape before any gas can gain access to the 
free peritoneal cavity. Occasionally food particles or plugs of mucus 
become caught in the perforation and serve as an adequate seal until 
the yeaetion of the surrounding peritoneum and omentum has effec- 
tively localized or walled off the perfoi'ation. In some instances the 
redundant mucosa of the stomach and small intestine may prolapse 
through the perforation and prevent the escape of gas for a variable 
pei’iod of time. Eecent experimental work bj^ Bergh, Bowers, and 
WangensteeiU on the factors influencing the development of peri- 
tonitis in perforations of the gastrointestinal tract of dogs has a direct 
bearing on this question. 


THE A'AEUE OP ROENTGEN EXAMINATION IN THE EBFT LATERAE 
DECUBITUS POSITION 

X-ray examinations of 14 patients with perforation of the duodenum 
were made with tlie patient in both the upright and left lateral de- 
cnbitns positions (Figs. 5 and 7). In no other type of perforation have 
enough examinations in the left lateral decubitus position been made to 
lu-nish a basis for appraisal of this procedure from a diagnostic stand- 
point. In n patients a pneumoperitoneum was seen in the upright 
position, blit not m the lateral position, and in only 1 patient did the 

:srfS: « ^iagnoi ^ 

position, however, has several advantages, 
iccasion.i ease m which the subplirenie space is obliterated by 
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adliesiousj a collection of gas may be seen ivliieh otliei-wise would be 
missed. Tlie cbief criticism of the x-vay method of diagnosing gastro- 
intestinal perforations has been that it was too strenuous a procedure 
for critically- ill patients. While this criticism may or may not have 
merit as regards this examination in the upriglit position., certainly 
little eritieism can be made of the use of the lateral decubitus ex- 
posure. The patient need not be moved or raised fi'om his bed or 
litter. All that is required is that he lie on his left side. 

The added information gained from the him made in this position, 
when taken together with the upright, is often valuable in deciding 



Fiir g Ptosis of the liver and distention of tlie colon. Itoontpcnoprani of 

diaphraijmatic regions in iiprfeht position .showing marked accimiiiJntions of in 
.stomach and splenic ne.\urc of colon (arrow) under ieCt diaphr.wnm On the r iRlit 
side the liver has been displaced downward by «io distended lici^atic 

tho /iDnearance of free pas in the subpJirenic sj>acc. Isoio the irroginar 
sclented character of tlic Sa.s sliaelow under tlic rlBht dInphraBm wliicli denote.s 
that the pas is within the colon. 


whether an accumulation of gas seen under tlie diaplii-agm is free in 
the peritoneal cavity or localized in an absce.ss (Fig.s. 4-7). Wo feel 
that a gaseous shadow whicli .shifts with obango in tlic patient .s 
position is confirmatory- evidence on this point. Colleciions of gas 
contained within the stoinacli or bowel may on occasion cause some 
doubt as to the diagnosis of a free pnenmopeidtonenm. This is par- 
ticularly- true in those casc.s wJicre the pneumoperitoneum is confined 
to tlic left subplirenic .space. In such cases a stomach distended with 
gas frerpiently obseure.s flic pneimioperitoncutn and presents a very 
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coiihising picture (Figs. 8 and fl). X-ray films made ivitli the patient 
in the right lateral decubitus position may be of help in these cases, 
but they are often of no value because of. the multiple gaseous shadows 
frequently produced in the left upper quadrant by the colon and small 
intestine. Tinder such circumstances it has been the pi actice at the 
Universitv Hospitals to empty the stomach through a nasal catheter 
and then reexamine the patient in the upright position. This simple 
procedure usually suffices to settle this question. 



Fig. 10. — Acute obstruction of .sigmoid colon from hernia tvith secondary rupture 
of cecum and pneumoperitoneum. Roentgenogram of abdomen in supine position 
siiowlng marked distention of bowel with gas. Note that outer walls of intestine 
are clearly visible, indicating pre.sencc of free gas in peritoneal cavity without the 
use of upriglit or I.atcral decubitus positions. 


In rare instances when the liver is ptotic, the hepatic flexure of the 
colon may he seen occupying the right suhphrenic space (Pig. 9), 
Unless this is kept in mind and the characteristic signs of gaseous 
iieciiimilalions in the colon observed, an erroneous diagnosis of suh- 
phrenic pneumoperitoneum may occasionally be made. The fact that 
air will often remain in the peritoneal cavity for several weeks after 
laparotomy must also he borne in mind so that a mistaken diagnosis 
01 perforation may not be made in such eases. 
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Jsser «een which otherwise would be 

missed. The chief entieism of the x-ray metliod of dia-uosin- ^astro 

intestinal perforations has been tliat it ivas too strenuous a procedure 
for entieally ill patients. While this criticism mav or mar not Lve 
merit as regards this examination in the upright position, certainly 

pofu^ iTe ^ 

h-tter An 1 T bed or 

litter. All that is required is that he lie on Ins left side. 

The added information gained from the film made in tliis position 

WilAn fnlrmi +^^rv«f^,^ ,‘4.1. .ci. _ _ • , . . » i^oinuiij 
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Fig. 9. — Ptosis of the liver and distention of the colon. Roontponograiu of 
diaphragmatic regions in upright position showing marked accunuiifitlons of In 
stomach and splenic flexure of colon (arrow) under left diaphragm. On the right 
side the liver has been displaced downward by the di.‘?tcnih*d iicpatic flexure whicti 
simulates the appearance of free gas In the subphrenlo space. Note tlic irregtdar 
segmented character of the gas shadow under the right dlaphragn? wlilch denotes 
that the gas is within the colon. 


whetlier an accumulation of gas seen under the diaphragm is free in 
the peritoneal cavity or localized in an abscess (Pigs. 4-7). We feel 
that a gaseous shadoiv which shifts with change in the patient’s 
position is confirmatory evidence on this point, rollei-tions of gas 
contained within the stomach or bowel may on occasion cause some 
doubt as to the diagnosis of a free pneumoperitonenm. This is par- 
ticularly true in those cases wliere the pneumoperifoneiim is confined 
to tl)c left -subplirenic .space. In sueli cases a stomach distended with 
fe' leqnenfh obscures flie pneumoperitoneum and presents a very 
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or duodenum. Our experience with such cases wholly substantiates 
the soundness of the conservatism advocated by Vaughan and Singer 
in such instances. 

B. Suspected Perforations of Small Intestine and Colon . — That the 
evidence of roentgenography in perforation (usually traumatic) of the 
small intestine or of the colon (usually due to tension perforation con- 
sequent upon a carcinomatous hlock) is even less reliable than in 
perforation of the stomach or duodenum is the common experience of 
those who have used this agent widely for the detection of such lesions. 
WangensteeiV® has called attention to the shortcomings of the roentgen 
films for this purpose in suspected traumatic perforation of the intes- 
tine by nonperforating types of injury. This impression is opposed to 
the actual experience as recorded in this paper, but the number of 
cases here reported is small. Proof of the reliability of x-ray evidence 
for early demonstration of perforation of the small intestine or colon 
is still wanting and is demanding of further elaboration. The policy 
in this clinic is to subject suspected and demonstrated perforations to 
early operation, at which time the perforation is sought out and closed. 

SUMMARY 


Any means of making an exact diagnosis as to whether perforation 
of the stomach, intestine, or colon had occurred would be a boon to 
surgeons treating these conditions and would lower the incidence of 
operations now performed for acute abdominal conditions. 

The use of the x-ray demonstration of subphrenic pneumoperitoneum 
as an aid in making such diagnoses has been recommended b}' various 
men since 1915. The accuracy of the diagnoses made in this waj^ has 
varied from 68 to 100 per cent in the various series reported. It is 
probable that the actual percentage is somewhat lower. 

By experiments on 5 cadavers it has been shown that at times as 
small a quantity of gas as 5 c.c., in the right subphrenic space, can be 
demonsti'ated on an x-ray film. Ten cubic centimeters can be seen regu- 
larly without difficulty. 

There have been 62 proved cases of perforation of the stomach, duo- 
denum, small intestine, and colon treated at the University of'jlin- 
nesota Hospitals between 1927 and 1937. Forty-seven of these cases 
were submitted to x-ray examination and gas outside the gastroin- 
testinal tract was observed in 7S.8 per cent of them. In 38 eases of 

perforation of the stomach or duodenum, free gas was observed in 28 
(73.7 per cent). 




1 . Adlicsions 111 Ihc right upper qnndniut of the nbdomeii 
tlirviruh the fluid level the fluid i„ 
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In an occasional case, examination must be restricted to films made 
ivitii the patient, in the snpiue position. Under tliese circumstances 
diagnosis is rendered more difficult, but it is well to bear in mind that 
moderate quantities of gas in the peritoneal cavity will outline the 
hollow liseera which are usually distended with gas themselves (Pig. 
10). Under such conditions the thickness of the wall of the stomach 
or bowel may be clearly visible, both the inner surface and the serosal 
surface being delineated by the gas. This may give the clue to the 
presence of air previously unsuspected. 

INDICATIONS FOR OPERATION 

A. Perforations of the Stomach and Bnodennm . — The practice in this 
clinic is to operate upon all cases of demonsti-ated perforation except 
those in which reliable eiddence of encapsulation is present. Even late 
cases without eneaiisulation are best treated by efforts directed at 
closure of the perforation. The question of operation in those eases in 
wliich pneumoperitoneum is not demonstrated by x-ray or in which 
it appears to be encapsulated must be decided on tlie basis of history 
and physical findings of each case. 

All eases in which pneumoperitoneum can be demonstrated in u'hieh 
the histoiy indicates a recent onset should be considered as ojicn lealts 
into the general peritoneal cavity. In those instances in ivliich some 
time has intervened (fortj'-eight hours or more) and the patient’s 
status (especially the pulse) seems satisfactory despite a large pneu- 
moperitoneum, encapsulation may be considered as having occurred. 
Such a patient warrants conservative treatment. Wangensteen*'’ has 
described such instances and discussed their management by conserva- 
tive means. Vaughan and Singer** have advocated the nonoperative 
treatment of instances of so-called sealed perforations in which tlic 
clinical picture is that of ulcer perforation, but in which no gas can 
be visualized below the diaphragm on a properly exposed .x-ray film. 
Similar eases have been described by Wangensteen; and in (his clmic, 
in the instances in which the clinical picture of ulcer perforation wa.s 
present and in which conservative treatment was cariled out (.suction 
applied to an inlying duodenal tube, paraoral fluid.s, hot pacK.s, anc 
subsequent eheek-up roentgenograms), no patient has come to gric . 
Our experience, therefore, has been that this practice has been sate. 
Yet .9 cases (7 perforations of the duodenum and 2 perforations of the 
stomach), in which an unsealed perforation was found at operation 
despite negative x-ray evidence, throw legitimate doubt upon the 
validity of that conservatism. Vaughan and Singer have also described 
the conservative mnnugement of the forme frustc type of perforation, 
i.e,, tlic patient with the very .small pneumoperitoneum who come.s 
after (he hqise of some time. Ju .such instances sealing probably oc- 
curs soon after the e.scape of a small quantity of gm.s from the .stomach 
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S. Mmomw of f^ns in iJio v/sen.s «t (Jic <irnc of perforation. 

4. Temporary of flic perforation witii stomach or intc.stinal 

eonttmt until tlie peiforafion i.s walled otT. 

;1, Proljipse ol' i-edundaiit imieo.sn into the ])ei'foratioii blocking the 
exit of gas. 

0. ic(dinieal iaihires in the roentgen examination in cases wherein 
small anionnts oi gas are pre.sent. Thc.sc inelndc failure to direct the 
x-ray.s Jiorizontal to the long axis of the body, failure to Iiave the 
patient in the upright position for a few minutes prior to the exami- 
nation and vertical during the examination, and the ordinary ditfi- 
culties of roentgen tcehnifpie. 

Itoenlgen examination in the left lateral decubitus po.sition was 
found to be of value in establishing the diagnosis of spontaneous 
pneumo])ei'ifoneum. This position is useful wheii the j)atient cannot 
be placed iipjogdit. However, if pneumoperitoneum is ob.scrved at all 
on the x-ra.v tilm. if will be .seen between the right dome of the dia- 
phragm and the liver in DO per cent of the casc.s. 

lioeutgeii examination of 2 eases of tranmatie perforation of the 
.small inte.stine showed the presence of free gas in the peritoneal cavity; 
in one ease sixteen hours after perforation, in the other only after twenty- 
four hours. 

CONCLUSION’S 


], As little as f) e.e. of gas in the right subjihrcnic space can, at 
times, be demonstrated by roentgen examination under expei’imental 
conditions. 

2. In eases of perforation of the stomach and duodenum failure to 
demonstrate gas b.v roentgen examination may occur in over 25 per 
cent of the eases. 

3. In cases of perforation of the .small intestine or colon, if the time 
interval between jmrforation and examination is long (sixteen hours 
or more), or if obstruction is present, a snbplirenie pneumoperitoneum 
is consistently observed by roentgen examination. 

4. It is recommended that cases of suspected as umll as demonstrated 
perforation of the gastrointestinal tract, except those in which there is 
definite evidence of eneapsnlation, be submitted to early operation. 
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<5. Absence oi frns in the viscus at Ibc lime of pci’l'oration. 


‘J. Teiii]mrary pln>rp:in'r of llic perforation with 
content until flu- perforation is walled off. 


stoinacli or intestinal 


n. Prolapse of redundant nnieosa into the perforation blocking the 
exit of gas. 

G. JiH'linic^al jaihire.s in tlic roentgen examination in cases wherein 
small amounts of gas are present. These inehulc failure to direct the 
x-rays horizontal to the long axis of the body, failure to have the 
patient in the uj)right position for a few minutes jn-ior to the exami- 
nation and vertical during the examination, and the ordinary diffi- 
culties of roentgen technique. 

Iloeutgeu examination in the left lateral decubitus ])o,sition was 
found to be of value in establishing the diagnosis of spontaneous 
pneumoperitoneum. This ])osition is useful when the patient cannot 
be idaeed upright. However, if jinenmopcrifoneum is observed at all 
on the x-ray film, it will be seen between the right dome of the dia- 
jdiragm and the liver in ,‘K) per cent of the cases. 

lloentgen examination of 2 eases of traumatic perforation of the 
small intestine showed the pre.senee of free gas in the peritoneal cavity; 
in one ease sixteoti hours after ])erforation, in the other only after twenty- 
four hours. 


co.vci.usio.vs 


1. As little as 5 e.e. of gas in the right subphrenic space can, at 
time.s, be demonstrated by roentgen examination under experimental 
conditions. 

2. In cases of jiei-foration of the stomach and dxiodeiumi failure to 
demonstrate gas by roentgen examination may occur in over 25 per 
cent of tlie cases. 

3. In cases of perforation of the .small intestine or colon, if the time 
interval between perforation and examination is long (sixteen hours 
or more), or if obstruction is present, a subphrenic pneumoperitoneum 
is consistently observed by roentgen examination. 

4. It is recommended that cases of suspected as well ns demonstrated 
perforation of the gastrointestinal tract, except those in which there is 
definite evidence of encapsulation, be submitted to early operation. 
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PLPi'IC ULCKKS FOIjLOWING EXPERBIENTALLY PRODUCED 
OBSTRUCTIYE JAUNDICE 

A CoN8ii)i:itATioN or Tiir l•^\cTons CoNCKii.vED IX Their Production* 
Warren 11. IIedkrt, JI.D.j Roche-steb, Minx. 

(From the .1/nr/o Foundation) 


|\j|AN\ OBSERVERS have deinonsf rated tJie presence of duodenal 
iilcers following experimentally produced ob.struetii-e jaundice 
(Kapsinow, Berg and Jobling, Loewy, Bollman and JIann), and others 
have sliowni that duodenal ulcers develop following various procedures 
for the exclusion of bile, either by itself or together with the other 
duodenal secretions from the duodenum (Exalto, Jlann and WOliamson, 
Morton, iMcCann, Neuman, Demoor, and Deloyens, Matthews and Drag- 
stedt, JInnn and Bollman,’® Weiss and Hiibster), The factors involved 
in the production of peptic ulcer following obstnictive jaundice are 
obscure. Except for an occasional report in the earlier literature there 
arc few references to gastric secretion in the condition of obstructive 
jaundice. The i-ecords arc onl}* briefly reviewed and consist for the 
most part of obson-ations on cholelithiasis and other diseases of the 
biliary tract. Ilyjieracidit.v, hypoacidity, and anacidity have been 
found on examination of icteric patients. The few investigators who 
have been interested in this subject have reported conflicting data; the 
majority of them, however, are of the opinion that hyperacidity accom- 
panies jaundice in animals. 

The theories advanced as to the etiology of peptic ulcer have been 
summarized recently by hlcCann, and since the work of Exalto and of 
Mann and Williamson, many investigators have corroborated the results 
of their observations on the occurrence of peptic ulcer following exclu- 
sion of the duodenal content from the site of emergence of the gastric 
content. These investigations emphasize the significance of the acidity 
of the unneutralized chyme in the production of chronic peptic ulcers. 

In normal animals it is Iniown that the ulcer-bearing area of the 
duodenum is subject to a wide range of pH; “It is the site whei’e the 
onrushes of acidity produced in the normal fundus ai’C met, diluted, 
neutralized and buffei'ed for acceptance b.v the intestines.”® Normal 
function of this portion of the duodenum depends on the maintenance 
of an acid-alkali equilibrium. A shift in this equilibrium may result 
from any one of many factors, and an unbalance may be temporally 
or permanently produced in obstructive jaundice. If the buffering 
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capacitj' of the diiodemim is diminished without the occurrence of a 
similar diminution of acidity in the acid chyme, such conditions would 
apiiear to be favorable for the formation of ulcer. 

The purpose of this study was to determine whether the factors Avhich 
are known to be of significance in the experimental production of ulcer 
are operative in the prasence of obstructive jaundice and, if so, if they 
could play a part in the formation of ulcer. My attention was directed 
primarily to a study of gastric secretion and motility; secondarily, to a 
determination of the buffering capacity of the content of the isolated 
duodenum, in vivo and in vitro, following exclusion of bile by ligation 
of the common bile duct. 

A carefully controlled experimental study of gastric secretion and 
gastric motility before and after ligation of the common bile duct was 
made by Still and Carlson. Desiccated bile was first taken up in 
physiologic saline solution, warmed to body temperature, and injected 
intravenouslj’- in amounts varying between 0.125 and 0.5 c.c. per kilo- 
gram of body weight. These investigators found that the immediate 
effect of this intravenous injection of bile was to lower gastric acidity. 
In only one dog was there a return to normal values of acidity during 
the two-hour period of observation. PolloTOng these control observa- 
tions, the common bile duet was ligated. After obstruction to the biliary 
outflow, the average acidity of the continuous secretion was increased 
over that in controls and hyperacid values were obtained folloiving test 
meals. The authors concluded that chronic obstructive jaundice is fol- 
lowed by a decrease in the volume of gastric secretion and by an increase 
in the acidity of the gastric juice. 

Selesnjew made esophageal fistulas and carried out gastrostomy on 
dogs and studied the gastric secretion before and after ligation of the 
common bile duet. He noted that, following a fortj’'-eight-hour fast, the 
stomachs of normal dogs were empty except for insignificant amounts of 
mucus; the stomachs of jaundiced dogs, however, contained small par- 
ticles of food with bile-stained mucus. In the presence of biliaiy ob- 
struction gastric juice was of high acidity. Gastric motility was not 
affected. By means of various test diets he found the gastric acidity 
was higher in jaundiced than in normal dogs. 

lines studied the neutralizing capacit 3 ^ of the content of the isolated 
duodenum of animals in tlie fasting state and following different test 
diets. The pH and buffering capacity of the combined secretions in the 
isolated duodenum remained at a fairly constant level (pH 7.1 to 8 15) 
He found that 100 c.c. of duodenal content required an average of 60 
c.c. of tenth-normal hydrochloric acid, with extremes of 40 to'’ 95 ce 
to reduce acidity to pH 4. Following elision of the pancreatic ducts’ 

It required only an average of 36 c.c. to reduce 100 c.e. of duodenal 
content to a pH of 4. ‘ 



PEPTIC ULCERS FOLLOWING EXPERIMENTALLY PRODUCED 
OBSTRUCTIVE JAUNDICE 

A COXSIDEKATION OP THE FACTORS CONCERNED IN ThEIK PrODUCTIOK* 

Warren H. Hebert, M.D.,t Rochester, Minn. 

(From the Mayo Foundation) 

jV^ANY OBSERVERS hai'e demonstrated the presence of duodenal 
ulcers following experimentally produced obstructive jaundice 
(ICapsinow, Berg and Jobling, Loeny, Bollman and Mann), and others 
have show that duodenal ulcers develop following vai’ious procedures 
for the exclusion of bile, either by itself or together with the other 
duodenal secretions from the duodenum (Exalto, Maun and Williamson, 
Morton, McCann, Neuman, Demoor, and Deloyers, Matthews and Drag- 
stedt, Mann and Bollman, v® Weiss and Hubster) . The factors involv'ed 
in the production of peptic ulcer following obstructive jaundice are 
obscure. Except for an occasional report in the earlier literature there 
are few references to gastric secretion in the condition of obstructii’o 
jaundice. The records are only briefly reviewed and consist for the 
most part of observations on cholelithiasis and other diseases of the 
biliary tract. Hyperacidity, hj-poaeidity, and anacidity have been 
found on examination of icteric patients. The few investigators who 
have been interested in this subject have reported conflicting data; the 
majority of them, however, are of the opinion that hyperacidity accom- 
panies jaundice in animals. 

The theories advanced as to the etiology of peptic ulcer have been 
summai’ized recently by McCann, and since the work of Exalto and of 
Mann and Williamson, many investigatoi's hai’e corroborated the results 
of their observations on the occurrence of peptic ulcer following exclu- 
sion of the duodenal content from the site of emergence of the gastric 
content. These investigations emphasize the significance of the acidity 
of the unneutralized chyme in tlie production of chronic peptic ulcers. 

In normal animals it is loiown that the ulcer-bearing area of the 
duodenum is subject to a wide range of pH; "It is the site where the 
onrushes of acidity produced in tlie normal fundus are met, diluted, 
neutralized and buffered for acceptance by the intestines.’ * Normal 
function of this portion of the duodenum depends on the maintenance 
of an aeid-alkali equilibrium. A shift in this equilibrium may residt 
from any one of many factors, and an unbalance may be temporarily 
or permanently produced in obstmetive jauJidice. If the buffering 
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The second operation consisted of doubly ligating and sectioning the 
common bile duct (Fig. 1). Cholecystectomy was also performed at 
the same time on four of the six animals. An icteric tint to the sclera 
was usually noted within seventy-eight hours. Estimations of plasma 
bilirubin and hematocrit readings were checked every eight to ten days. 
An icteric sclera and skin, clay-colored stools, bilirubinemia, and biliuria 
were considered as evidence of occlusion of the common bile duct. Ulcers 
developed in two of the six jaundiced animals, on the twenty-first and 
fifteenth daj's, respectively. One animal survived 38 days and the 
other, 75 days. Ulcers failed to develop in four dogs, which lived 102, 
102, 45, and 32 days, respectively. 

The results of a series of observations on these animals may be sum- 
marized in a few brief statements : There was no appreciable alteration 
in gastric secretion following ligation of the common bile duet. The 
acidity and volume of gastric juice secreted, as well as the duration of 
secretion following the injection of histamine or a test meal of meat, were 
similar when tested before and at intervals after operation. The animals 
in which ulcers did develop and those in w'hich they did not were also 
similar in this respect. 

Although the animals reacted similarly to gastric stimulants, it was 
observed that the small amount of gastric content that could be aspirated 
from the normal fasting dog was usually neutral in reaction; whereas, 
jaundiced animals frequently yielded more fluid which was usually 
strongly acid in reaction. 

THE EFFECT OF BILIARY OBSTRUCTION ON THE BUFFERING CAPACITY OF 
THE DUODENUM AND ITS CONTENT 

In this experiment three healthy dogs were studied. The duodenum 
was isolated by a two-stage operation, as described by Stevens. Opera- 
tions were performed under ether anesthesia with an aseptic technique. 
Tlie first stage consisted of placing an ileal fistula of the Mann-Bollman 
type in the first portion of the duodenum, and another fistula at, or 
just distal to, the duodenojejunal junction. In the second stage, the 
pylorus was sectioned and the duodenal end was inverted. Gastro- 
jejunostomy was performed, with an end-to-side anastomosis approxi- 
mately 30 cm. from the caudal fistula in the duodenum (Pig. 2). This 
permitted direct emptying of the stomach into the jejunum, eliminating 
reflux of tlie gastric content. The duodenal content remained rvith its 
alkaline secretions undiluted. 

Specimens wore obtained from the pro.ximal and distal fistulas of the 
animal, both when fasting and after various diets, and the ranges of 
pH were estimated. Following this, 0.5 per cent hvdroehloric acid was 
mtrodueed into the proximal fistula through a small rubber catheter 
at a fixed rate by the gravity drip method. Specimens were collected 
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The recent work of Stevens on the buffering capacity of tJie content 
of the isolated duodenum in vivo should also be mentioned. He noted 
that the content of the duodenum of a fasting animal, after isolation, 
was capable of neutralizing from 1.5 to 1.75 c.c. of 0.5 per cent liydro- 
chloric acid per minute over a period of two hours. 

THE EI-FECT OF OBSTRUCTIVE JAUXWCE OX THE SECRETORY FUXCTION OF 

THE STOMACH 

Six healthy, adult, trained dogs were used for this study. Under 
ether anestliesia and witli aseptic technique, gastric and duodenal fistulas 
of the Mann-Bollman® type were made. Following a rest period of about 
three weeks, routine studies of gastric acidity Avere made after the tech- 
nique described by McCann. The subcutaneous injection of 1 mg. of 



j-ig. 1. — stomach and ileal nstula. The common bile duct has been sectioned and 

doubly’ ligated, 

histamine and the oral administration of finely diced, lean house meat 
Avere used as stimulants to gastric secretion. 

Specimens Avere collected simultaneously from both fistulas at intei- 
vals of fifteen minutes until the gastric acidity and pll had returned 
to a fasting level. This Avas accomplished by introducing a soft rubber 
catheter through each fistula into the stomach and duodenum, icspce- 
tiA'elj’'. The exact position of the tube in the stomach was determined 
by roentgenoscopic examination. At each aspiration tlie entire g.istiic 
content Avas remoA'ed and the total A'olnme was estimated. Titialion 
Avas caiTied out Avitliin a fcAV minutes after each aspiration, flic pll 
Avas determined by a Leeds-Northrup potentiometer, using the quinhj- 
dronc gold electrode. The free and total acidity Avcrc determined by 
titrating clear gastric juice Avith a solution of tenth-normal sodium by- 
dro-xidc, Aising 1 per cent phcnolphtlialeiu and 0.5 per cent diniefh.vi- 
amino-nzobcnzenc (Topfer’.s reagent) a.s indieaioi's. 
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Interesting results were noted in the buffering capacity of the duo- 
denal content in ^dvo and in vitro following the exclusion of bile. In 
every instance there was a noticeable decrease in the capacity of the duo- 
denum to neutralize acid in the presence of Jaundice. The extent of the 
reduced capacity to neutralize acid after obstruction of the biliary out- 
flow was equivalent to approximately 0.25 e.c. of 0.5 per cent hydro- 
chloric acid per minute for the period of observation. 

Table I 


Buffering Capacity of the Duodenum and Its Content 



IN VIVO* j 

IN VITRO 


i 


IC.C. OF N/10 HCl 

TO KEDUCE pH OP 


i C.G. OP 0.5% HCl PER MINUTE 

100 c.c. OF ISOLATED DUODENAL SECRE- 



! 

o 

o 

pH 3.5 

DOG 

FASTING 1 

1 AFTER MEAT MEAL ; 

FASTING 

AFTER MEAT MEAL 

1 

1.25-1.50 


75 

85 

2 

1.00-1.25 


72 

88 

3 

1.50 


77 

86 


Following Ligation of Common File Dnct 


1 

2 

3 

1.00 

1 0.75-1.00 

! 1.25 


105 i 

no 1 

92 1 

j 

Following Development of Ulcer 

1 

0.50 

0,50-0.75 

80 ! 


2 

0.75 


70 

87 


•The maximal amount of 0.5 per cent hydrochloric acid per minute that may he 
Infused into the duodenum via the proximal fistula -svithout reducing the pH of the 
fluid from tlie distal fistula below 7.0. 


The neutralizing capacity of the content of the isolated duodenum, in 
vitro, following obstructive Jaundice was increased (Table 1). This 
was probably because of the fact that the material obtained from the 
proximal fistula -was undiluted with bile and consisted of succus entericus 
and, for the most part, pancreatic juice. 

In the tAvo animals in which gastrojejunal ulcers of the perforating 
type were present, there were some interesting changes in buffer values. 
These changes were associated with the development of ulcer and per- 
sisted througliout the experiment. In these dogs there was an addi- 
tional decrease in the buffering capacity of the duodenal Juices (succus 
oiitcrieiis and pancreatic Juice). This amounted approximately to 0.25 
to 0.5 e.c. of 0.5 per cent hydrochloric acid per minute for tlie period 
during which observations Avere made. In the absence of ulcer, 105 to 
88 c.c. of lentil-normal hydrochloric acid had been necessary to reduce 
the pH of 100 c.c. of duodenal content to 3.5 to 4. In the presence of a 
gastrojejunal ulcer, only SO to 70 c.c. was required to bring about the 

same aUeration of pH. This clase parallelism of tlie figures obtLed 
vitro and in vivo deserves mention obtained i 


in 
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from the distal fistula at intervals of fifteen minutes and the pH values 
were noted. Quantitative determinations of chloride ion were made 
following introduction of the h3''drochloric acid when the animal was 
fasting and after the various diets. 

This procedure was repeated on separate days until the maximal 
amount of acid that could be introduced into the proximal end of the 
duodenum -without materiallj^ changing the reaction of the content of the 
distal portion was determined. This quantity was considered to he the 
neutralizing capacity of tlze normal duodenum and its contents. When 



Readings 


2 A £rastrojejunostoniy with formation of lical fistulas; 

and tie othfrfn the disiki porto of the duodenum. The common bile duct has been 
sectioned and doubly ligated. 


sufficient data concerning tlie neutralizing capacity of the duodenum 
had been obtained, biliary obstruction was prodnced in each animal by 
double ligation and section of the common bile duct and the neutializing 
capacity of the duodenum was again detci-mined. 

Studies of these dogs were resumed on the third to tlie fifth day after 
operation. Gastrojejunal ulcers developed in two of the dog.s, twentj- 
eight and thirty-eight daj’-s after operation. 

The range of pH, as studied from the proximal and distal fislnla.s of 
the duodenum in the fasting animals, was approximafelj' the .same hofore 
and after the o.veliision of bile. 
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Following ligation of the common bile duct, the emptying rate was 
diminished in three dogs, prolonged in one, and in one no appreciable 
change was noted. In the tliree dogs in which emptying was more rapid, 
an ulcer developed in one. 

In the animal in which the average time of emptying of the stomach 
was prolonged, there were two large duodenal ulcers. It is interesting 
to note that the change in emptying time was only temporary; the time 
was eight hours during the second week, three hours during the third 
week, three hours and one-quarter during the fourth week, and three 
hours and one-half during the fifth week. Thus, excluding the first 
emptying rate of eight hours, there was no appreciable change following 
ligation of the common bile duet. 

In the two dogs on which simple cholecystectomy was performed there 
was no change in the emptying rate of the stomach. 

SUMMARY 

Peptic ulcers occur in a high percentage of dogs in which jaundice is 
produced experimentally. These ulcers are usually located in the duo- 
denum or appear in the jejunum in animals in which gastrojejunostomy 
has also been performed. Of the factors which appear to bear some 
relationship to the formation of the ulcer, the following, which occur 
after complete biliary occlusion, should be mentioned. 

1. The gastric acidity following test meals does not seem to be sig- 
nificantly altei'ed in the jaundiced dog. 

2. The acidity and amount of gastric secretion in the fasting stomach 
is usually found to be increased in the jaundiced dog. 

3. The alkalinity of the duodenal content is not materially altered 
by biliarj’- obstxmction. 

4. The buffering capacity of the duodenum and its content is definitely 
reduced after ligation of the common bile duct, and a further diminu- 
tion occurs when a peptic ulcer is present. 
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Detei jninatioiis were made of the values for chloride iu the coiiteut 
of the distal fistula in the fasting state before and following the develop- 
ment of jaundice. The average fasting value foz' chloride ion v'as 1.7 
mg. per cubic centimeter of duodenal content. After the exclusion of 
bile, the values v-ere increased to an average of 2.66 mg. per cubic 
centimeter. 

Analyses of gastric content before and after the development of 
jaundice revealed little if any cliange. In both animals the gastric acid- 
ity was diminished following the development of gastrojejunal ulcer. 

THE EFFECT OP OBSTRUCTH'E JAUNDICE ON THE EMPTYING TBIE OF 

THE STOMACH 

Seven healthy dogs were chosen for tlie study of Die emptj’ing time 
of the stomach. The general procedure as given below was carried out 
for a number of weeks for the purpose of training the animals. A test 
meal of barium was given and the dogs were taken to the fluoroscopic 
room to accustom them to the darkness and to noises from the roentgen- 
ray apparatus. By this preliminary preparation they were soon made 
familiar with a daily routine. 

The opaque meal consisted of equal parts of barium sulphate, acaeia 
(10 per cent), and skimmed milk. This barium mixture was admin- 
istered by mouth without the use of the stomach tube. E.vaminations 
were repeated at intervals of four to six days until a fairly constant 
reading was established for each dog. Koentgenographic examinations 
were accomplished for the most part without restraint and dogs which 
had to be gentlj' restrained required the same attention throughout. 
The stomach was examined within a few minutes following the meal, 
then hourly for the next two hours, with subsequent observations at 
intervals of fifteen minutes until the stomach was empty. The average 
emptying time of the stomach was then determined by repealed observa- 
tions. 

Under ether anesthesia and using an aseptic Icchnique, cholecystectomy, 
with ligation of the common bile duct, was performed on five of the seven 
dogs. From tlie two other dogs the gallbladder was removed and check 
I’cadings were made to determine any influence on the emptying rate from 
eholecysteetomy alone. At a later date the common bile duel was also 
ligated in these two animals and further studies were completed. 

In the ease of the aforementioned five dogs, readings were resumed 
on the eighth day following operation, with intervals of rest varying 
from three to six days or more thereafter. Studies were continued as 
long as the nutritional state and general health of the animals were 
maintained. The animals were killed for complete e.vamination in .68, 

65, 67, 91, and 124 days, rc.speetivcly. In three animals chronic duodenal 
ulcers were found. 
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Following ligation of the common bile duct, the emptying rate was 
diminished in tlu’ee dogs, prolonged in one, and in one no appreciable 
change was noted. In the three dogs in which emptying was more rapid, 
an ulcer developed in one. 

In the animal in which the average time of emptying of the stomach 
was prolonged, there were two large duodenal ulcers. It is interesting 
to note that the change in emptying time was only temporary; the time 
was eight hours during the second week, three hours during the third 
week, three hours and one-quarter during the fourth week, and three 
hours and one-half during the fifth week. Thus, excluding the first 
emptying rate of eight hours, there was no appreciable change following 
ligation of the common bile duct. 

In the two dogs on which simple cholecystectomy was performed there 
was no change in the emptying rate of the stomach. 

SUMMARY 

Peptic ulcers occur in a high percentage of dogs in which jaundice is 
produced experimentally. These ulcers are usually located in the duo- 
denum or appear in the jejunum in animals in which gastrojejunostomy 
has also been performed. Of the factors which appear to bear some 
relationship to the formation of the ulcer, the following, which occur 
after complete biliary occlusion, should be mentioned. 

1. The gastric acidity following test meals does not seem to be sig- 
nificantly altered in the jaundiced dog. 

2. The acidity and amount of gastric secretion in the fasting stomach 
is usually found to be increased in the jaundiced dog. 

3. The allvalinity of the duodenal content is not materially altered 
by biliary obstruction. 

4. The buffering capacity of the duodenum and its content is definitely 
i-edueed after ligation of the common bile duct, and a further diminu- 
tion occurs when a peptic ulcer is present. 
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DIFFUSE, CAYEKNOUS HEMANGIOMA OF THE EECTUM 
Keport of a Case akd Kecokd op Necropsy 


Louis A. Buie, M.D., axd 
Jerrold P. Nesseurod, M.D., Rochester, Minn. 
(From the Section on Proctology, the Mayo Clinic) 


T he first loiown account of liemangiomatous involvement of tlio 
rectum was contributed by A. E. J. Barker in 1883. The patient was 
a man, forty-five years of age, who, vrhen he fii’st consulted Barker in 
May of 1882, complained of having had periods of rectal bleeding since 
boyhood. Specular examination of the rectum revealed large folds of 
mucosa without narrowing of the bowel. There were several shallow, 
bleeding ulcers, the bases of wdiich presented a mottled, purplish color. 
The author made a diagnosis of nevoid lipoma of the rectum. The pa- 
tient failed steadily because of continued loss of blood. At necropsy the 
wall of the rectum was found much thickened by a “naevoid” growth 
which gave a purple color to the mucous membrane. The excellent 
woodcut in Barker’s presentation is reproduced here for comparison 
with our omi specimen (Pig. 1). 

In Ivausch’s case, reported in 1916, treatment by posterior excision of 
the liemangiomatous mass, leaving a permanent stoma, was successful. 
Examination of the specimen revealed an extensive, cavernous hemangi- 
oma of the rectum. 

In 1923, Hennig and Schiitt reported a case of cavernous lymphangi- 
oma of the laiee and cavernous hemangioma of the rectum. Necropsy 
revealed a rectal mucous membrane dark purple in color, inflamed and 
swollen. The elevation of tlie “wall” (mucosa?) was caused by thick, 
spongelike tissue involving the entire thickness of the wall. The micro- 
seopie findings conformed to the picture of a tniical hemangioma. 


In 1923, R. Bensaude and Antoine reported two cases of diffuse, cav- 
ernous hemangioma of the rectum. The first was that of a woman, 
twenty-one years of age, who had had repeated rectal hemorrhages be- 
ginning a month and a half after birth. At the age of ten years she was 
operated on for “hemorrhoids.” At the age of fourteen years .she 
underwent first an anal dilatation for fissure, and then an c.xiiloratory 
laparotomy which revealed a large hemangioma of the inte.stine, passin’'>- 
behind the uterus and disappearing beneath the peritoneum. It had the 
appearance of a “large bunch of grajic.s.” Nothing curative was done 
at this mereased and the jiaticnt rapidly became a morphine 

1 ^^ In l.)20. she consulted Antoine, who found her much retarded 

f'>i- inilillc:tUon. Sopt. 20. is.^7. 
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physicallj' and suffering from anemia and amenorrhea. There were 
frequent rectal hemorrhages. The abdomen %vas enlarged and tense; 
there were risible intestinal contractions. Proctoscopic examination for 
a distance of 30 cm. revealed a marked enlargement of the “anal veins” 
(external hemorrhoidal veins ? ) . The rectal lirmen was obliterated. The 
mucosa was pale and edematous, but underlying bluish vaidcosities were 
seen. When the mucous membrane was swabbed, the cotton applicators 
became stained with blood, but no bleeding points or ulceration could be 



Fip. 1 ^Thla apectmen showa about nine o' 

preserved in spirits. A, normal .surtaco of bowel ; S maej. From 

change •. D, one-half of two ulcers from which fatal bleeding ‘oo't ^ 

B to a the tj-plcal cavernous tissue Is seen In section. (From rriioge.' 

Cavernous Naevus to the Rectum Proving Fatal In an Adult from iicmorruufce. 
Med. Chlr. Tr.. IJondon CO: 220-234, 1833.) 


found. Transverse colostomy was performed in January, 1921. Ihc 
postoperative course was characterized by steady improvement in cverj' 
respect. Tlic menses were established. At the time of publication of tlie 
report the patient was leading a fairly nonnal life. 

The second case of Bensaude and Antoine was that of a man, forty- 
eight years of age, who entered the lio.spita] lilay 19, 1921, because of 
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severe rectal hemorrhages. He had suffered previous attacks of intes- 
tinal” hemorrhages in 1888, 1898, 1904, 1908, and 1915. At the time of 
the third attack in 1904, the patient was treated for an ulcer of the 
stomach. In 1908, in the course of the fourth attack, the lower intestine 
“was suspected”; the suspicion was confirmed hy Loclchart-Mummery. 
Bensaude saw the patient in his last illness and made a diagnosis of dif- 
fuse hemangioma of the rectum. The patient died on May 27, 1921, 
eleven days after admission to the hospital. A report of necropsy was 
not given. 

Bancroft, in 1931, reported a case of hemangioma of the sigmoid with 
satisfactory relief hy colostomy and injection of the superior hemor- 
rhoidal vein (after ligation) with 10 c.e. of 40 per cent sodium salicylate. 
A second operation, performed eleven months later, comprised: (1) 
exploratory laparotomy, (2) closure of the colonic stoma, (3) cecostomy, 
and (4) appendicectomy. The author stated that the condition might 
have been a true hemangiomatous tumor, or possiblj’^ a dilatation of exist- 
ing vessels. He presented, in addition to his report, an excellent sum- 
mary of fourteen reported cases and discussed diagnosis and treatment. 

R. Bensaude and A. Bensaude, in 1932, reported two cases of rectal 
hemangioma in which there was also involvement of the perineum, 
sci’otum, and penis. They mentioned a similar case described by Esau, 
and one described by Kauseh ; the latter case was that of a female patient 
with involvement of the labia majora. They designated, therefore, two 
types of hemangioma of the rectum; (1) the Barker-Kausch type, which 
is anorectal, or anorectosigmoidal without cutaneous involvement; (2) 
the Esau-Bensaude type, which is mucocutaneous or genitoperineorectal. 
Of fifteen cases, eleven were of Type 1 and four were of Type 2. 


REPORT OF CASE 


A man, aged twenty-eigUt years, first registered at the Mayo Clinic, Sept. 9, 
1925, at the age of sixteen years. His chief complaints were of rectal bleeding 
and attacks of diarrhea. The trouble began, according to the mother’s statement, 
in the patient’s tenth year. The patient rvas usually constipated, but there tvere 
occasional short periods of so-called diarrhea rrhich followed administration of a 
cathartic. Vaiy-ing amounts of bright blood were passed at irregular interrals. 
The patient complained occasionally of pain low in the rectum at the time of 
defecation. 


A year and a half prior to admission to the clinic the patient had an attack of 
painless hematuria lasting two weeks. He was confined to bod for si.v weeks witli 
fever and malaise. The significance of this episode will be noted in the report of 
necropsy. 


General physical examination gave essentially negative results. On proctoscopic 
examination (2-i cm.), submucous nodules or lumps seemed to bo distributed diffuse- 
ly and to involve all coats of the bowel. Associated perirectal thickening imparted 
a sense of fibrosis and limited the mobility- of the bowel. The sigmoid was nit 
involved. The disease was believed not to bo primary in the rectal nS^osa. Sopsy 
was advised. Hiagnosis was wiUibcld. 
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physically and suffering from anemia and amenorrhea. There were 
frequent rectal hemorrhages. The abdomen was enlarged and tense; 
there were visible intestinal contractions. Proctoscopic examination for 
a distance of 30 cm. revealed a marked enlargement of the “anal veins” 
(external hemorrhoidal veins?). The rectal lumen was obliterated. The 
mucosa was pale and edematous, but underlying bluish varicosities were 
seen. When the mucous membrane was swabbed, tlie cotton applicators 
became stained with blood, but no bleeding points or ulceration could be 



FIb. 1.— This specimen shows about 

preserved in spirits. A, normal surface of bo^el , 5of?i took place. Prom 

chanee: D, one-halt of two ulcers from which fatal bloedlnB fooK place. ^ 
B to a the typical cavernous tissue Is seen In section, (rrom ^rK ^ rrhaRC, 
Cavernous Naevus to tlic Rectum Provins Fatal In an Adult rrom Jicmoi 
Med. Chir, Tr.. I/ondon 00: 223-234, 1883.) 


found. Transverse colostomy was performed in January, 1021. The 
postoperative course was characterized by steadj' improvement in etcrj 
respect. The menses were established. At the time of publication of tlic 
report the patient was leading a fairly normal life. 

The second cn.s-c of Bcn.sandc and Antoine was that of a man, forty- 
eight years of age, who entered the ho.spital iMay Ifi, ]f)21, bcoaiisc of 
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projecting 1 cm. or more above tbe surface of the wall of the bowel. The masses 
all felt cystic but could not bo entirely obliterated by pressure. The mucosa was 
adherent to the masse.s everywhere and there was no place where this membrane 
appeared to be normal. Tiiere was no ulcerous development, except in tuo places 
where needle punctures recently' had been made. The color, which appeared to 
come through the mucosa, was bluish gray and gave the impression that the tumors 
were either hemangiomatous or melanotic. On account of the long duration of 
the condition, it was unlikely that the tumors were melanotic. The mucosa overly- 
ing one of the lowest masses was split. There was profuse bleeding, which, how- 
ever, was controlled by pressure and by suture. The inner structure of the mass 
appeared very much like that of the corpus spongiosum. A specimen was taken 
for microscopic examination. The examiner stated that the advisability of radium 



Fib. 1. — Gro.ss section, stained with hematoxylin-eosln. Slucosnl surface is to 
the riRlit. Anal skin appe.ars at the bottom. Tlie muscular co.at is shown passing 
tlirouBli tlie center of tlie section. In the fatty layer (to tlie left) are seen several 
large veins, some of tliem tlirombosert. In the siibmucosa are sliown tlie large 
•spares, lined by endotbolinni and fllled with I)Iood. 


theraiiy was to be eonsiilered and that it sueli treatment should prove inefTectual, 
posterior resection !iud establishment of a permanent stoma might bo tlie onlv 
means of saving life. He said, liowever, that .sueli an operation would be done 
at very great risk. In the puthologie report it was stated that tlie tissue was 
hemangionm. Three transfusions of blood were given. Tliore was only temporarv 
benefit. On Feb. M, lithT, the patient suddenly died. " ' ‘ 

At necropsy there was no evidence of hemorrhage. Nothing wa.s found to ac- 
count for the sudden death. Ilemaiigiomatons involvement of t),e pelvis and 
l-arenrliyina of the right kidney p.vplaine.l the painless liematttriii. 

Only the pntliologie ehange.s whieh ,K«rtnin (o the subject at hand will be 
mentioned here. Beginning at the dentate margin, there wi;l a seri,; ^ 
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A specimen was removed for biopsy and tlie patliologic report was “inflamma- 
tory tissue.” A course of roentgen therapy was outlined and tlie flrst two treat- 
ments were given shortly before the patient was dismissed from the clinic. 

Tlie patient was registered a second time at the clinic, June IS, 1020. During 
the period of eight months since his first visit to the clinic lie liad gained 17 
pounds (7.7 kg.) in weight and 2i4 inches (C.3 cm.) in height. Tliere wa.s no 
change in the condition of the rectum and lower .■sigmoid as observed through 
the proctoscope. 

On Jan. 5, 1037, the patient again visited the clinic. lie was pale and weak 
and suffering from a .severe cold. Rectal bleeding had -persisted, at intervals, 
since the time of the previous visit. Hospitalization and supportive treatment were 
advised. 



ft Ann-; rectum ami Jowor sinmoiii laid open. Tiic rectal IT 

elevm^Wd “and'^ thrown into largo folds by the umlcrlylng t.emanglomafou.-i ma..*.. 
The transition to normal bom l Is abrupt. u., 

FifT. 3.— Tbe spocimon represented in Fip 2 
The mucosal surfaco is to the riRht. On tlie left Is shoun spvrTal K'«rp‘. 

the fatty layer, and just external to the as shown bv 

thrombosed veins. Tl)c submucosal layer Is mnrkedi> * Tho resem- 

the metric scale, because of Its Involvemont by hemanplomatoii. t.. . 

bianco to oreotUe tfs.suo Is strlUlnj?. 


Wlieii tiio patifiit V -onenil ron.lilion was Fiimn'etUfy unf.rouv?, 
was made imdcr anestliosiii and tlio exuminor eotisidrred tliut thorf was » eolloelinn 
of cy.-^tic jnassps nliirli involve/] the Mibrnuonsa] tissiio.s of lla' uvil) nf lijo i)OV.*i*l. 
The tuusptjlar structures possibly were involve*! Tin* nia.‘'.s''.s vuriotl from 

xrrowfhs 0 or S nim. in f]iaiyji?fer to tumors 'J to 4 cm. lon;r and 1 to - ^’nu wide, 
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The diagnosis of this condition should be determined by proctosig- 
moidoscopy and biopsy. Digital examination reveals the nodular char- 
acteristic of the involved wall. When the proetosigmoidoscope is first 
introduced, the lumen of the rectum seems to be almost entirely obliter- 
ated, yet the instrument usually can be passed without difficulty and an 
adherent but intact mucous membrane can be seen. The tumors appear 
bluish through the mucosa, giving a clue as to their blood vascular struc- 
ture. Further evidence of the vascular character of these masses can be 
obtained by aspiration of blood from them. Roentgenologic examination 
may reveal a filling defect in the rectum. However, roentgenologic study 
of the rectum is not conclusive and the expert proctoscopist usually can 
make a more adequate study of this organ. That part of the large 
bowel beyond the reach of the proetosigmoidoscope can be studied by 
the roentgenologist, but if a lesion is suspected in the rectum or sigmoid, 
especially when there have been episodes of obstruction of the bowel, it 
is much safer to make endoscopic examination before barium has been 
injected for roentgenologic study. 

Treatment by radiation has no value. Surgical treatment, that is, 
establishment of a permanent colonic stoma, followed if possible by 
radical excision of the affected part of the bowel, is the only means of 
relief available at present. Antianemic therapy, transfusions, and other 
supportive measures arc essential in preoperative preparation. In the 
first case reported by Bensaude and Antoine (1923), colostomy alone 
sufficed to accomplish marked improvement. The great risk of surgical 
operation in such cases has been mentioned. 

The ultimate prognosis, as well as the immediate surgical risk, is 
grave. Hemangiomatous involvement of other structures, as illustrated 
by our mvn case, may be partially responsible for the poor prognosis. It 
is probable that had our patient survived radical treatment, ultimately 
he would have been faced by the necessity of removal of the right kidney 
because of the hemangioma affecting its pelvis and parenchyma. 


REFERENCES 


Hnemangioraa of Sigmoid and Colon, Ann. Surg. 9i: 


S2S- 


1. Bancroft, P. W.: 

838, 1931. 

2. Barker, A. E. J.: Cavernous Naevus of tlic Rectum Proving Ratal in an Adult 

from Hnemorrkage, Med. Chir. Tr. London. 66: 229-234, 1883. 

3. Benpaude, Raoul, and .\ntoinc, Edouard: L’angiome caverneus diffus du reetnni 

Arch. d. nial. do I’app. digestif. 13: 1-23, 1923. 

Bensaude, R., and Bensaude, A.: Sur unc forme particuliere d’angiome caverneux 
40-’'r7m"l74';“lo':w'''’ cutanCo-muqueux ou gf'nito-perineo roctal, Presse mfid. 

ii. nennig and Scl^tt : Ein Pall von difrupcm, kavemosem. Hiimangiom dcp 
Mastdanncp. Mitt. a. d. Grenzgeb. d. Med. u. air. 3G: 235-24^ inoT 
0. Kaupch: Quoted by Ilennig and Scliiitt. “"• 



384 


SURGERY 


submucous projections extending upward for 30 cm. These projections extended 
into the lumen for 3 cm. The nodules were irregular in size and constituted about 
tive large masses, measuring from 3 to u cm. in diameter, which were gathered 
under the mucosa like grapes. The remainder of the mucous membrane was raised 
about 1 cm. from the muscularis. The mucosa at the dentate margin was ulcer- 
ated; the largest ulcerated area was about 3.5 cm. in diameter. The remainder 
of the mucosa was greenish black, a color similar to that of the content of tlie 
bowel. In the submucosa and the perirectal fat were many dilated networks of 
Teins, some of which were thrombosed (Figs. 2 and 3). Microscopic examination 
disclosed large sinuses lined by endothelial cells and filled with blood (Fig. 4). 

The anatomic diagnosis was hemangioma of the rectum and of the pelvis of 
the right kidney. 

COMMENT 

The tumoT in this case, therefore, was a diffuse, blood vascular mass, 
composed of blood-filled spaces and resembling erectile tissue, which liad 
invaded all the tunics of the rectum except the mucosa — hence the name 
"diffuse cavernous hemangioma." 

Bensaude and Antoine have classified hemangiomas as simple and 
cavernous. The latter tj'pe may be either circumscribed or diffuse. Cir- 
cumscribed cavernous hemangiomas have little tendency toward invasion. 
Thej'’ are not rare in the gastrointestinal tract but involve the inside 
of the cheeks, the lips, the soft palate, the tongue, the stomach, the 
duodenum, the small and largo intestine, and tlie rectum. Diffuse 
cavernous hemangiomas have a tendency toward invasion and a predilec- 
tion for the rectum and sigmoid. The gravity of this condition is owing 
to severe and frequent hemorrhages. 

Several hypotheses relative to the etiology of this condition have been 
set forth. The most logical conception, however, and one to which the 
majority of authors on tlie subject subscribe, is that tJie entity is con- 
genital in origin. 

The pathologic anatomy in our case coincides closely witli the descrip- 
tions given by Barlcer and by Kauscli. TJio tumor is composed of blood 
vascular tissue characterized grossly by rather large spaces filled with 
blood. The resemblance to erectile tissue is striking. The sinuses arc 
lined by endothelium. The tendency toward invasion of tlie wall of the 
bowel is well shown in our specimen. The overljdng muco.sa is adlicrciit 
to the tumor but is intact. 

The clinical course is characterized particiilarly by bleeding from the 
rectum. In several of the previously reported cases, and in our own, the 
bleeding appeared in early childhood. Tlie losses of blood vary both in 
frequency and in amount. The result is severe hj^pochromic anemia. 
There may be considerable so-called rectal pain. Our patient complained 
bitterly of tenesmus and pain in the rectum during the final .stages of liis 
illness. In several reported cases the patient has died exsanguinated. 
The sndden doatli of mir patient lias not lienn explained. 
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lesions were almost always in iliis space; wlicreas, subplirenic abscesses 
complicating pei'forated peptic nicer were in eitbor tlic superior or in- 
ferior regions. 

Tlie etiology in practically all cases was some abdominal infection. 
The trio, perforated peptic nicer, appendicitis, and cholecystitis, ac- 
counted for over 70 per cent of the abscesses. Perforated ulcers came 
first in the list, being responsible for 18 of the 50 cases (36 per cent). 
Six of these developed in individuals who either refused primary sur- 
gery or, ])ecausc of atypical findings, were operated upon for their per- 
foration only after a delay of .several days, or not at all . 

A fact that seems worth recording is that in all instances of operation 
for a perforation rubber tissue drains were ]>laced in the upper abdomen. 
In all but 2, the perforations wore merely closed without further sur- 
gery. In ], a Billroth 11 resection was performed, and in another, a 
Judd lype of pyloroplasty was done. 

Tliirteen of the 50 cases (26 per cent) followed acute appendicitis or 
appendect.omy and constituted the second largest group. Two of the 
appendices were not acutely inflamed (one being removed following a 
subtotal hysterectomy), indicating that the technique of appendectomy 
might be improved. In the great majority of ea.scs thei'c was perfora- 
tion of the appendix with a complicating generalized peritonitis. In 
one in.stanee a suh])hrenic ah.sccss was not suspected until a year after 
the removal of a ]icrfoi'ated appendix, when the sudden evacuation of 
foul pus through a bronchus led to further examination. 

Although gallbladder di.sease is not commonly considered as a eau.se 
of subplirenic ah.see.ss, surgery on the gallbladder or perforation of an 
acutely inflamed gallbladder gave ri.se to 6 such infections (12 per cent). 
Two of thc.se followed cholecyst eefomy and both had biliary duct drain- 
age, Five of the 6 died. All of 1 hc.se abscesses were accessible to drain- 
age through an anterior a])proach. 


The fourth group (4 eases, 8 per cent) developed from perforations 
of amebic liver ahsce.sses. All of the.se gave preceding history of vague 
abdominal or gastrointestinal distress of many years’ duration. In them 
the subplirenic abscess responded to treatment and all recovered. 

Finally, there were 8 eases associated with miscellaneous lesions- 2 
re.sulted from a perforation of a diverticulum of the large bowel- 2 
from injury to the liver (automobile accidents); 2, from infected abor- 
tions; 1, from a iilcural empyema with multiple rib resections- and 1, 
from a uretliral stricture with pcrincphritic ahsce.ss. 

The recognition of a subplirenic .abscess,, as indicated hr a .sludv of 
the eases in this .scries, is quite difficult, and this difficultv of reeo- 
tut ion IS apjinrently one of the chief factors responsible for the hiirh 
inoilality. Ap,n-o.xiinatcly one-fhird of the fatal ca.scs were not oper 



SUBPHRENIC ABSCESS 

Factors in the .High ]\Iortautv 

L. J. Gogol, Los Axgeujs, Caup. 

A bscess of the subphrenic region is a ratlier uncommon lesion. At 
the Los Angeles General Hospital, during a ten-year period from 
1926 to 1936, there were onl.y fifty such infections proved by eitlier 
surgeiy or autopsy. During this time tlie average yearly admissions to 
tlie surgical services tvere o\'er 5,000 patients. Relatively few surgeons 
encounter a sufficient number of such cases to make practical deductions 
as to their management. To the man in general practice doing oc- 
casional surgeiy, this conijilication often bi'ings a feeling of helplessness 
and dread. ' ' 

That this feeling is justified may be gathered from reports of mor- 
tality in subphrenic abscess, which generally vaiy from 30 per cent to 
80 per cent. The mortality in the fifty cases at the Los Angeles Gen- 
eral Hospital, operated and nonoperated. was 50 ])er cent. IVitli Iii.s 
report of 9.7 per cent mortality, Alton Oehsner lias iiointed out tlial 
more favorable results arc possible. 

The improvement in tlie management of these abscesses, as emplia- 
sized particulai'ly by Oehsner (an im])rovement that has led to the 
lower mortalitj' figures), has not, however, been generally reeognizecl 
and folloAved. 

Por surgical purposes, Oehsner lias dcsci'ibcd the subiihrcnie .space as 
the area located between the diaphragm above anti the transverse meso- 
colon and transverse colon below. This area is divided by the liver into 
a snjirahepatic and an infrahepalic jiortion. The .suprahepatic .s])ace, 
the more important of the two, is divided into one c.xtraiieritonea! .sjiaco 
(the bare area) located within the confines of tlie coronary Jigamenl, 
and several intraiieritonoal spaces. The falciform and round ligamniit.s 
divide the intraperitoneal spaces into right and left ones. On the left 
side, the left prolongation of the coronary ligament, the loft lateral oi 
triangulate ligament, passes backward to lie at tlie posterior edge of the 
liver. This gives rise to only one left superior space. On the right side, 
the right lateral li.vamcnt pa.sses anteriorly, dividing the right superioi 
.space into an anterior and posterior. 

Of the abscesses in this .series, all were on the right side. The major- 
ity were in the posterior-superior sjiace. Following ajipondiciti.s the 

for yjtibHration, Oft. 1. Xit?,!. 
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uncertainty on the part of the surgeon concerning the presence of pus. 
However, from a study of the case histories, the diagnosis w^ould seem to 
be quite evident, but in many instances delay was permitted. Usually 
there is a historj’^ of a recent attack of acute appendicitis or perforation 
of a peptic ulcer. The temperature curve is of the septic type and is 
associated udth leucocytosis. X-ray shows a high diaphragm on one 
side ; a lateral view may show this elevation to be anterior or posterior ; 
and on fluoroscopy the diaphragm is often fixed at the place of eleva- 
tion. These examinations are frequently repeated in the hope that im- 
provement will follow ; drainage is delayed or not done. This delay is 
the second factor in the high mortality. 

Four of our cases of abscesses associated with gallbladder lesions oc- 
curred following perforation in acute cholecystitis treated by the method 
of watchful expectancy. 

In the method of draining the abscess is to be found the third, and 
probably the most important, factor, in the high mortality of the pres- 
ent group of cases. Drainage was accomplished in a variety of ways: 
aspiration through a needle, by means of a trochar and catheter, by rib 
resection, and through the pleural space (in one and two stages) , through 
the abdomen -, and in verj^ few cases by the extrapleural and extraperi- 
toneal route advocated by Ochsner. 

In 1 of the 2 eases of lacerated liver, repeated aspiration through the 
ninth and tenth intercostal spaces transversing the right pleural cavity 
effectually emptied a subphrenic collection of cloudy bile-stained fluid 
which was sterile on culture. 


Trochar drainage was used in 6 cases. One was amebic in origin, and 
it is to be noted that tliis type of lesion cleared up under various meth- 
ods of treatment and did not give rise to a pleural empyema when the 
pleura was contaminated. Apparently this type of abscess is generally 
free of bacteria. This is in accord with the excellent results at present 
obtained by the combined use of emetine and multiple aspirations in 
amebic liver abscess. Another case, effectively treated by trochar and 
catheter drainage, was one in which an abscess was found a year after 
a perforated appendix had been removed. The success of this type of 
treatment was possible in this instance probably because of two factors. 
The pus had become sterile and the costophrenic angle of the pleura had 
probably become obliterated. No empyema followed. A third case de- 
veloped a pleural empyema after the use of a trochar: and a fourth 
died four days after its insertion. 


Aspiration through the pleural space as a umgnostic procedure t 
obviously gave rise, in a number of instances, to pleural infection ' ] 
stillation of iodine or mcrcurocliromc in the needle tract did not' sc. 
to prevent such mfection. 
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Some of these cases, Jiowever, were complicated and the patients prob- 
ably would not have recovered even after the benefit of drainage. Since 
over 60 per cent of the abscesses resulted either from perforation of a 
peptic ulcer or inflammation of an appendix, merely thinldng about the 
subphrenic infection as a possible postoperative complication Avould help 
considerably in its recognition in connection with these catastrophies. 
Tlie experience of tliis series indicated tliat when a subphrenic abscess 
was suspected it was usually present. 

The following cases of subphrenic abscess are of interest, from the 
standpoint of difficulty of recognition and delay in treatment. 

C.A.SE REPORTS 

Case 1, — Male, aged twenty-three years, was operated upon July 22, 1932. A 
right rectus incision was made and a gangrenous perforated appendix with general- 
ized peritonitis found. Appendectomy with drainage was performed. The patient 
continued to run a septic temperature postopcratively, otherwise he seemed all right. 
On Aug. 2S, 1932, he developed a severe cough with blood-tinged sputum, dyspnea, 
and cyanosis, and he was believed to have pulmonary embolism. The patient died 
Aug. 31, 1932. 

Autopsy: Large subphrenic abscess, right posterior wallcd-olt pleural empycm.a 
in region of right base, and hepatization of right bn.se. Both abscesses contained 
gram-negativo rods and gram-positive cocci. 

Case 2. — JIalc, aged thirty-eight years, entered the hospital Oct. 23, 1032, with 
history and tindings typical of perforated peptic ulcer. X-ray examination shoand 
air under the right diaphragm. Laparotomy revealed a great deal of cloudy fluid 
and small perforation at the pylorus. The perforation was closed with gastroin- 
testinal purse-string sutures; all free fluid was aspirated and .-i Penroso dr.-iin was 
placed in the subphrenic space. The patient improved, but ten days later ho begun 
to run septic temperature. X-ray indicated high right dinpliragm, and the white 
blood count was 16,000. The patient complained of chilly sensation.s and pain 
over lower right thorax. A tender mass became palpable below right costal arch. 
On Nov. 20, 1932, an incision paralleling the costal arch wa,s made and the ab.-^cc.-'s 
cavity drained. The patient died a few hours after surgery. Airtopsy was not 
obtained. 

lu Case 2 it is worth noting that a drain was ithicod in the upper 
abdomen and that the abscess was not evacuated until almost a month 
after tlie onset of the septic tempei-ature. 

Particularly strildng about the manner of deatli of some of these 
cases, especially those in whom the presence of subphrenic pus was not 
recognized, is the fact that it was generally sudden and dramatic, sug- 
gesting some new accident. The patient appeared fairly well at one 
moment, but in a short time became dyspneic, cyanotic, and cold. Tlic 
pulse was rapid and thready. In such cases the diagnosis often made 
before death was pulmonary embolism. 

Delay in instituting surgie.al drainage of tlie abscess is quite com- 
monly noted in a study of those histories and is appnrcritlj- due to the 



URETHRAL URINARY EXTRAVASATION 

Nelse P. Ocicerblad, M.D., and Hjadjiar E. Carlson, M.D., 

Kansas City 

(From the Department of Urology, University of Kansas School of Medicine) 

TT IS GENERALLY conceded that the mortality from the extravasa- 
* tion of tirine is quite high. Statistics of larger groups of cases give 
the average mortality at 40 to 43 per cent.’"* In our series of 15 con- 
secutive cases occurring in the past ten years, there was only 1 death 
(6.6 per cent) . 

ETIOLOGY 

It is interesting to note that urinary extravasation rarely results from 
complete rupture of the urethra. One prerequisite for urinary extrav- 
asation, therefore, may he a urethra which is uninterrupted except for 
one small break. In 5 cases of complete rupture of the urethra seen 
by the authors, there was no instance of extravasation, presumably be- 
cause of loss of the desire to urinate or of the expulsive force; conse- 
(luently urine is not forced into the tissues. 

In most instances extravasation occurs only in the presence of a stric- 
ture of the urethra, although a few cases have been reported in which 
there was no stricture. These strictures are, in the main, of gonorrheal 
origin, but they may he traumatic. Traumatic stricture was present in 
5 of our 15 cases. This means that urinary extravasation is a more 
frequent complication of traumatic than of gonorrheal strictures. 


Table I 

Etioi.ogy of Extkavas.\tion 
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The beginning of urinary extravasation jirobably occurs in an in- 
fected gland or pocket of scar tissue in the urethra resulting from some 
old infection or injury located proximal to a stricture. This pocket 
increases in size as a result of repeated straining in order to void until 
its wall becomes paper thin. AVhen rupture of this wall finally occurs 
urine c.seapcs into the surrounding tissue with each mieturifion The 
amount of urine escaping probably varies with the size location and 
shape of the opening and with the severity of the stricture In some 
ci^hc urme e.scnpes very slowly and loads to a condition resembling 

ni'cclvod for public.itlon, November 19 . 1937. 
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Ten cases -were drained tlirougli the abdomen. Five (50 per cent) 
died. In 4 of these, pus was spilled into the general peritoneal cavity 
at the time of tlie operation. All but 1 were drained through a rectus 
incision. 

The great majority were drained through the pleural space following 
rib resection. This included 19 cases, of which 7 (36 per cent) died; 
7 others (36 per cent) developed a pleural empyema as a complication 
of the treatment. Of those terminating fatallj^ 6 probably had pleural 
infection. Thus, in relatively few cases was it possible to enter the 
pleural space without causing contamination of sufficient o.xtont to in- 
volve the necessity of subsequent drainage, or even the possibility of 
earty death. Suturing the pleural surfaces and using a two-stage trans- 
pleural approach did not prevent pleural contamination. 

The method of drainage employed by Oclisner was used in only 3 
cases of this series. In this approach the patient lies on the sound side; 
tije twelfth rib is resected subperiostcally and the abscess cavity over 
the liver entered by gentle dissection — the diaphragmatic peritoneum 
being stripped away from the diaphragm. Neitlier the general peri- 
toneal cavity nor tlio pleural cavity is entered. Local anesthesia may 
be used. An additional advantage of rib resection at this site is the 
possibility of employing an aspirating needle under direct vision to 
locate and drain a sublicpatic abscess. 

For an abscess located anteriorly an incision may be made immedi- 
ately below and parallel to the costal arch down to tlie peritoneum. 
Then, gently stripping tlie peritoneum away from the under surface of 
the diaphragm, entry is gained to the pocket of pus without contamina- 
tion of the general peritoneal cavity. There is mnch le.ss shoclc to sneh 
a procedure in which neither the plcnral nor peritoneal cavity is entered. 

In conclusion, the three factors to he emphasized in redneing the high 
mortality of snhphvenic abscess arc; 

1. Earlier diagnosis — keeping in mind the ocenrroneo of snhiilirciiic 
infection after perforated ulcers and appendices. 

2. Earlier drainage — when the diagnosis is made, drain witiiout delay. 

3. A more frequent use of the extrapleural and oxtraporitoneal aji- 
proach for purposes of drainage. 
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perineal fascia), the reflected portion of wliicli forms the superficial 
layer of the urogenital diaphragm. In front of this layer of Colies’ 
fascia is the superficial perineal pouch which is enclosed by the union 
of the deep and superficial layers of Colies’ fascia in front of the anus. 
Both layers of CoUes’ fascia are firmly attached to the iscliiopubie rami 
and ischial tuberosity, but, its superficial layer covers the scrotum and 
penis, and extends up over the abdomen to become continuous with the 
deep layer of the superficial fascia of the abdomen (Scarpa’s fascia). 
In the perineal type of urinary extravasation the original swelling in 
the perineum soon extends to the scrotum and penis, and later over the 
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Fig-. 2. — Frontal view shelving direction of urinary extravasation in the perineal type. 

abdomen, in some cases as high as the axillae. Extension into the thigh 
is prevented by the attachment of Scarpa’s fascia to the inguinal liga- 
ment. Pigs. 1 a and 2 illustrate the direction of the perineal tjiie 
urinary extravasation. 

In tlic pelvic type of extravasation the point of rupture of the urethra 
i.s posterior to the urogenital diapliragm (triangular ligament) The 
deep layer of the urogenital diaphragm is formed hv the inferior layer 

ischiorectal fossa. 

Antoiioih there is a definite recess extending well toward the bodv of 
the pnbc.s and po.stci-iorly there is a rccc.ss below the lower ed-e of the 
gluteus maximns. Bupturc mav occiirnlso into j edoe of the 

fr.» .vl,i„ „ri„e ™,v W,,K- Z 
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elephantiasis of the scrotum, as described by Harry Rolnick.-* Some- 
times extravasation has resulted from the dilatation of a urethral stric- 
ture either at once or after an interval. Two such cases are included in 
tins series. Tlie etiology of extravasation as seen by us is summarized 
below in Table I. 

Other causes of urinary extravasation from tlie uret]n-a are the ob- 
struction from a urethral stone, the rupture of a periurethral abscess; 
in a few cases, occurring in infancy, the etiologj' is not clear. 

DIRECTION OF EXTRAVASATION 

Since 66 per cent of urethral strictures involve that portion of the 
ui’etlu'a beginning three-fourths inch behind, and ending one inch in 
front of the triangular ligament,'^ it is natural that most cases of urinary 
extravasation should liavc tlieir origin here. In fact, urinary extravasa- 
tion rarely occurs in any other location. The direction which extrava- 



Fig. 1. — ^Lateral view showing direction ot urinary extravasation in the perineal, 
pelvic, and intraligamentous types (from Meredith Campbell), (a) tVhen lesion Is 
anterior to the triangular ligament, a course bounded by Colles’ and Scarpa's fasciae 
is pursued, (h) Wlien extravasation occurs on the pelvic side of the triangular liga- 
ment, retroprostatic, perirectal, and ischiorectal Inflltratlons are most commonly 
observed, although perivesical and prevesical involvement may occur, (c) If me 
extravasation originates within the triangular ligament, extension occurs in either 
direction, most often externally. 

sated urine will take is dependent upon the relationship of the point 
of rupture to the fascial planes of the surrounding fascia. 

Urinary extravasation from the urethra is usually classified according 
to its origin as; (1) penile, within Buck’s fascia; (2) perineal, anterior 
to the triangular ligament; (3) pelvic, posterior to the triangular liga- 
ment (either into the ischiorectal fossa or snbperitoneal space) ; and 
(4) intraligamentous, TOthin the triangular ligament. 

Extravasation within the confines of Buck’s fascia is uncommon and 
is due to a rupture in the penile urcthi'a. In these eases the swelling is 
limited to the penis alone. The extent of Buck ’s fascia and the appear- 
ance of such extravasation are illustrated by Miley Wesson.® 

In tlie perineal tj'pe of urinary extravasation the point of rupture is 
anterior to the urogenital diaphragm (triangular ligament) . This means 
that the extravasated urine will be limited by Colles’ fascia (superficial 
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perineal fascia), tlie reflected portion of wliicli forms the superficial 
layer of the urogenital diaphragm. In front of this layer of Colies 
fascia is the superficial perineal pouch which is enclosed by the union 
of the deep and superficial lajmrs of Colies’ fascia in front of the anus. 
Both layers of CoUes’ fascia are firmly attached to the ischiopubie rami 
and ischial tuberosity, but, its superficial layer covers the scrotum and 
penis, and extends up over the abdomen to become continuous with the 
deep layer of the superficial fascia of the abdomen (Scarpa’s fascia). 
In the perineal type of urinary extravasation the original swelling in 
the perineum soon extends to the scrotum and penis, and later over the 
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Fig. 2. — Frontal view showing direction of urinarj' extravasation In the perineal type. 


abdomen, in some cases as higli as the axillae. Extension into the thigh 
is prevented by the attachment of Scarpa’s fascia to the inguinal liga- 
ment. Figs. 1 n and 2 illustrate the direction of the perineal tj^ie 
urinary extravasation. 

In the pelvic type of extravasation the point of rupture of the nretlira 
i.s posterior to the urogenital diaphragm (triangular ligament). The 
deep layer of the urogenital diapliragm is formed hy tlie inferior la 3 'er 
of the cndopelvie fascia and forms tlie floor of the isdiiorectal fossa 
Antenorly llierc i.s a definite recess extending well toward the body of 
the pube.s and posteriorly there is a recess below the lower ed<re of the 
gluteus maxumis. Rupture may occur also into tlie siihperitonlal space 
from rvlucU «r,„c may late break into the peritoneal cavity. 
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In llic pelvic type of urinary extravasation there is at first a swelling 
in the i^ierincnm and, as a general rule, extension into the siiprapnhic 
recess. Figs. 1 h and 3 illinstrale the direction of urinary extravasation 
in the pelvic type. 

The intraligament ons type, n’liich follows rupture of the urethra be- 
tween the laycns of the urogenital diaphragm (Fig. 1 c), is generally 
considered to have a better prognosis than the other three since the ex- 
travasation is often confined within the layers of the diaphragm.' How- 
ever, it may rupture, cither externally or internally, producing either 
the pelvic or perineal type, or subcutaneously with extravasation into 
the gluteal region. 
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y cxtnivasjition in the pelvic type. 


In our series 11 were perineal, 3 were pelvic, and 1 was jjalvic and 
later perineal. The la.st may have been an instance of rupture between 
the layers of the urogenital diaphragm. Tlierc was no case of extravasa- 
tion within Buck’s fascia, although most of the perineal type liad con- 
siderable swelling of the penis. 


SYMPTOMS AXD SIGNS 

The patient complains of a sudden sharp, spontaneous pain, usually 
in the perineum, followed by the development of swelling and inci casing 
difficulty in iu*iuating. The location of tlie swelling depends upon the 
loeation and size of the ruptni’c and, to some extent, upon its duration. 
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In most instances there has been previous difficulty in micturition, due 
either to a gonorrheal or to a traumatic stricture. When first seen, tlie 
patient generally feels quite ill, and there may be complete urinary 
retention. 

On examination, the affected parts are at first greatly enlarged and 
quite tender to the touch. The patient appears toxemic and may have 
cliills and fever. The pulse is somewhat faster than normal. The white 
blood count is elevated ranging from 14,000 to 28,000 in the acute stages. 
The urine when first obtained contains considerable albumin. The 
N.P.N. and cveatinin may be elevated. Later he may exhibit mental 
confusion progressing to delirium and coma. 

As the extravasation progresses necrosis of tissue occuns, particularly 
in the perineal type. There may be, therefore, darkened areas on the 
scrotum and the penis if the extravasation has been of sufficient dura- 
tion. It is probable that necrosis is not due to the irritative properties 
of urine but rather to the pressure of the urine which cuts off the blood 
supply of the tissues. 

TREATMENT 

These patients are usually desperately ill and require prompt treat- 
ment. Their general condition has often been impaired by the ante- 
cedent urinary difficulty with its attendant loss of rest and backflow 
of urinary products. In addition, the patient with urinary extravasa- 
tion has increased difficulty in urination from the extravasation itself, 
as well as imminent or established uremia, and also a severe toxemia 
from the absorption of the products of degenerating tissue. 

Free drainage of the bladder .should be provided and adequate in- 
cisions for release of extravasated urine and of necrotic tissue should 
be made. It is better not to waste time in attempting to dilate the al- 
ready iiriured urethra. To do so may add just the amount of trauma 
necessary to make the ending fatal. The perineal cystotomj- advocated 
by some does not seem logical, .since the insertion of a catheter into the 
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bladder must further damage already injured and infected tissue. Good 
judgment as to the type of procedure to be emploj'ed is a prime requisite 
for the proper treatment of urinai'y extravasation. The therapy em- 
ployed in our 15 cases is summarized in Table II. 

Discussion . — It may be that the better results which we present are 
due to the fact tliat the patients were seen earlier than are those in the 
hospitals of larger cities whore derelicts aboimd. Certainly few are 
ever seen in private practice. In this group only 2 were private patients. 


SUMMARY 

Urinary extravasation from the urethra is accompanied bj'- profoimd 
toxemic symptoms from tlie absorption of tlie products of damaged 
tissue and is often accompanied by inei-easing uremia because of urinary 
obstruction. The condition is readily recognizable and can be divided 
into penile, perineal, pelvic, and intraligamentous types. Of these the 
perineal is bj' far the most common. Tlie mortalit}’ is usually high. 
Prompt treatment by means of diversion of the urine and by adequate 
incisions for the extrusion of dead and dying tissue is necessary. Fifteen 
cases are reported with one death. 
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CONCERNING RENAL FUNCTION AND STRUCTURE 
FOLLOWING TRAUA'IA OF THE KIDNEY 

An Experbiental Study* 

John H. Po^tors, M.D., Cooperstown, N. T. 

(From the Laboratory far Surgical JSesearch of the Mary Imogene Bassett Hospital) 

T he modern principles of renal surgery demand the preservation of 
function and the restoration of structure in a diseased organ. The 
experimental studies of renal function herein recorded, correlated %vith 
the pathologic changes secondar3’- to direct injurj", are offered as a 
rational basis for the same intelligent conservatism in the treatment of 
traumatic lesions of the kidnej’’. 

STUDIES OP RENAL FUNCTION t 

These experiments were divided into two series: the first was designed 
to determine the effect of renal trauma on the function of the single 
Iridney of rabbits previously subjected to unilateral neplmectomy ; the 
second, to determine the effect of severe unilateral trauma on the renal 
function of normal animals and the ability of tlie injured kidnej^ to 
recover by subsequent removal of the untraumatized organ. 

FIRST SERIES 

Method. — ^Male rabbits weigliing between 3% and 4% pounds were used. No food 
or water was given after five o’clock in the afternoon of tbe day preceding the 

experiment. 

The normal renal function of the intact animal was first determined as follows: 
The rabbit was placed in a supine position on the animal board. Blood for 
determination of the nonprotein nitrogen was collected by cardiac puncture. The 
prepuce was then retracted and a sterile soft rubber catheter, size No. 10 F., was 
passed into the bladder. The urine was aspirated with a syringe and put aside for 
later routine analysis. The bladder was irrigated with tap water until the return 
was clear; the catheter was clamped and left in place. 

One hundred to one hundred and fifty cubic centimeters of normal saline solution 
(depending on the size of the rabbit) were given by gastric tube in order to stimulate 
a satisfactor)' flow of urine. One cubic centimeter of phenolsulphonephthalein, con- 
taining 0 mg. of the dye, was then injected into a marginal vein of the ear and the 
exact time recorded at the completion of the injection. The bladder was aspirated 
through the catheter every ten minutes during the first hour and at half-hourlv 
intervals during the second hour. At each aspiration, the bladder was irrigated with 
a fi.xed amount of tap water in order to wash out all the dye therein contained. 

•Read at Urn Annual Mccltns of the Halstcd Club, PlilladolDhia Pi TVe lo-r 
Uccclvcd for publication. Sept. US. 3037. ’ ' . . .u . 

ProlT,?;/; data have been reported In a 
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3!)S 

Each Hijceiiiioii was allcalinized with sodium Iiydroxide, diluted, and the amount 
of dx 0 conij)utod hy comparison with a series of commercially prepared standard 
solutions. 

Eight nephrectomy was performed with .sterile surgical technique under basal 
anesthesia of urethane, supplemented by ether. At intervals, varying from one 
week to one month after the immediate convalescence, alt the preoporative studies 
were repeated and closely checked. 

The left kidney was then traumatized. The organ was exposed retroperitoneally, 
delivered from the renal fossa, and allowed to lie on the gauze covering the lumbar 
muscles and skin at the po.sterior angle of the incision. The anterior surface of the 
kidney was struck smartly .‘•■everal tinie.s with flic rounded end of a Wedgewood 
pestle, about one inch in diameter. 
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Table I. — Detailed studies of tlio function of a sinple kidney following trauma of 
moderate severity. (From Powers: New York State J. Jled. .SO: 1, IftSfi.) 


The contused and bleeding organ was tlicn replaced and the wound closed in 
layers with tine silk. 

The function of this single traumatized hidnc.v was studied daily for four days, 
again on tlie sixth, eiglitli, tenth, and fourteenth postoperative days, at the end of 
tliree weeks, and finally at the expiration of one month. 

Eestilts . — Six animals were included in this series. Three of them, 
in Y'hicli the Iddtiey was subjected to trauma of moderate severity, 
survived. The detailed studies of one animal are presented in Table I. 
The determinations before and after removal of the right kidney repre- 
sent the average of two or more observations ; tliose after contusion of 
the left kidney arc single determinations. 
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Table II. — Detailed .studios of tJjo function of a sin;rle kidney followlnpr 

txislon and extensive ti'aumo.. (From Powers: New Y'ork State J. Med. 30: I, 1036.; 
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The effect of trauma on tlie function of the single kidney, as measured 
by the total excretion of phenolsulphouephthalein and the nonprotein 
nitrogen of the blood, are presented graphically for tlie group in Pigs. 
1 and 2. These indices of renal function returned to normal levels 
■within a period of fourteen days after the injury. 

The three rabbits whose single kidnej' was severely traumatized died 
on the second and third day after contusion. The urine was grossly 
hloody-, the specific gravity was low; heavy traces of albumin Avere 
present; the output Avas diminished; and in one instance complete 
amii'ia occurred. Either none of minimal amounts of i>henolsulphone- 


-TotolOuttJutinZHours 



-t'uriiuositc' curve illustnitlnf; the effect of renal tniunm of mojlerale yeverltv 
ihty of the .sIhkIc kidney of nepjirectomizcd rabbit^ to excrete pljcjiolsiif- 


Fitr. 1.- 

<>n the ability c.vc* 

hhonphthnlein. (From Fowor.s : Xcw York State J, ^[o<h 3C; 1, 3!)3[».) 


plUlialciii were excreted and the nonprotei)i Jiitrogcn of the blood rose 
rapidly to higli levels. The detailed studies of one sueh animal are pre- 
sented in Table 11. 


Conclusion.— limixl trauma of moderate severity im])airs the ability 
of the kidney to excrete urine of normal concent rat ion. reduces the 
early elimination of phenolsulplioiicphthalein, decreases the total excre- 
tion ot the dye, and causes a)i ahrupt and conspicuous rise in the non 
protein .ntro;mn of the blood. Allmmin, red cells, wliite cells and 
east.s of various types ;,rc found in tlm „rinc. The rcstorat ion of nmmal 
renal innetion is proinjit and comjdetc. 
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JCacli siieoimen was alkalinizcd with sodium hydroxide, diluted, and the amount 
of dye computed by comparison with a series of commercialh’ prepared standard 
solutions. 

Right nephrectomy was performed with sterile surgical technique under basal 
anesthesia of urethane, supplemented by ether. At intervals, varying from one 
week to one month after the immediate convalescence, all the prooperative studies 
were repeated and closely checked. 

The left kidney was then traumatized. The organ was e.xposed retroperitoneally, 
delivered from the renal fossa, and allowed to lie on tlic gauze covering the lumbar 
muscles and skin at the posterior angle of the incision. The anterior surface of the 
kidney was struck smartly several time.s with the rounded end of a Wedgewood 
pestle, about one inch in diameter. 
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Table I. — Detailed studies of tlie function of a sinple kidney followiiifr trauma of 
moderate severity. (From Powers: New York State .t. ilcd. Sli: 1. 1930.) 


Tlie contused and bleeding organ was then replaced and the wound closed in 
layers with fine silk. 

The function of this single traumatized kidney was .studied daily for four days, 
again, on the sixth, eiglith, tenth, and foiirleenth po.stopcralivc days, at the end of 
llireo weeks, and finally at the e.xpiration of one month. 


Results . — Six animals were ijidiided in lliis sci'ies. Tlirco ol‘ them, 
in vvhieli <lie kidney was subjected to trauma of moderate severit 3 ', 
survived. The detailed studies of one animal are jiresented in Tabic I. 
The determinations before and after removal of the right kidney repre- 
sent the average of two or more observations; those after contusion of 
the left kidney are single determinations. 
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Table IT . — -Detailed atudios of the function of a sinule kidney follotvlmr severe con- 
tusion and extensive tranma. (Pj’oni Powers: New York State J. Afed. 30: 1, IJJv.f 
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tkirteen blows with the pestle. All the studies were repeated on the 
first, second, fourth, and eighth days after injury. On the eighth day 
the normal right kidney was removed. The function of the remaining 
damaged organ was determined at regular intervals thereafter for one 
month. 



Fig. 3. — Composite curve Illustrating the effect of severe unilateral renal trauma 
on the excretion of phenolsulphonphthalein by normal rabbits ; subsequent removal 
of the uninjured kidney is followed by no significant impairment. 



Eiu- — Composite curve illustrallng tcmporarj- nitrogenous retention .after exten.sive 
Injury' of one kidney of normal nibblts. 


A’csttif.s.— Nine rabbits were included in the second group of e.xperi- 
ments. Two died witliin twenty-four hours after contusion of the 
kidney; in each case autopsy revealed e.xtreme distention of the small 
intestine Two animals died on the third day, one with pneumonia 
and one hccauso of persistent, profuse hematuria. One rahhit sustained 
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Sudden, severe, and extensive trauma is incompatible with life if the 
opposite kidney has been removed. 

SECOND SERIES 

^ The fatal outcome in the three nephrectomized rabbits whose single 
kidney was severely traumatized led to tlie further study of the effect 
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Piff. 2. — Composite curve illustrating temporary nitrogenous retention following renal 
trauma in rabbits previously subjected to unilateral nephrectomy. (From Powers: 
New York State J. Med. S0; 1, 1936.) 

of extensive unilateral renal injury in rabbits with both kidneys intact. 
After the immediate post-tranmatic period had been safely passed, the 
undamaged kidney was removed, leaving the animal only the seriously 
injui’ed organ for the subsequent maintenance of renal activitJ^ 
Method . — ^The pi-eliminary studies were similar to those in the first 
series. TJie left kidney was then extensively traumatized by seven to 
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thirteen blows with the pestle. All the studies were repeated on the 
first, second, fourth, and eighth days after injury. On the eighth day 
the normal right kidney was removed. The function of the remaining 
damaged organ was determined at regular intervals thereafter for one 
month. 



Eiff. 3. — Composite curve illustratins the effect of severe unilateral renal trauma 
on the excretion of phenolsulphonphthalein by normal rabbits ; subsequent removal 
of the uninjured kidney is followed by no significant impairment. 



Fig. ■(. — Composite curve lllustratins temporary nitrogenous retention after extensive 
InJurj- of one kidney of nonnai rabbits. 

Results . — Nine rabbits were included in the second gi-oup of experi- 
menhs. Two died within twenty-four Jiours after contusion of the 
kidney ; in each ease autopsy revealed extreme distention of tlie small 
into.stinc. Two animals died on the third day, one tvith pneumonia 
and one boeauso of pcr.sistcnt. profii.se Itcmatiiria. One rabbit .sustained 
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Tablo III. — Dnt.nilod .studies of renal function followintr .severe unil.Tter.nl tnuini.T in 
.'I rnbhit witli tbo oppos'ito kitlnoy Intnrt. 


tlie li'auma satislactoril.y but died i'rotn acute iiemorriiage on the day 
following removal of the uninjured kidne.y. 

The data from the four I'emaining rabbits are presented graphically in 
Figs. 3 and 4 for comparison with the first series of experiments, and 
the detailed studios of one animal are tabulated in Table III. From a 
study of these figures it is appiirent that severe trauma of one kidney 
of a normal animal may cause only a transient and sliglit drop in the 
total excretion of plienolsulphojieplithalein or rise in the nonprotein 
nitrogen of the lilood. Following removal of the uninjured kidne.y, the 
impairment of renal function is slight. 

Conclusion . — If severe injur.v is inflicted upon one kidne.y of a normal 
rabbit, the renal function may be maintained quite satisfactorily by 
the opposite kidney, with no significant impairment during the im- 
mediate convalescent period. If this normal organ is then removed, the 
traumatized kidney ma.y recover sufficient function to continue the main- 
tenance of renal activit.i’ at a satisfactory level thereafter. 

STKUCTURAU CHAXGES SECONDARY TO TRAUJIA 

Cross Anatomic Changes . — Direct trauma of moderate severit}' (four 
or five smart raps with the pestle) j^roduced immediate swelling, diffuse 
subcapsular liemorrhage, capsular tcai’S, and small cortical lacerations 
on both the anterior and posterior surfaces of the kidney. Severe 
trauma (seven to twelve blows) caused extensive liemorrhage, ragged 
wounds of the parench.ATna communicating with tlie pelvis (Fig. 5) and 
frequentl.v complete deeaiisulation. The kidne.v became reddish lilack 
in color, soft, pulpy, and lifeless in consistency. 

Fig. 6 illustrates the kidne 3 ' of an animal which ivas killed on the 
second dn 3 ’ after contusion. The perirenal tissues and overhung peri- 
toneum wci’C edematous and hcniori’hagic ; the capsiiic mis scpai’atcd 
except at the polvi.s, .slirivellcd up. and adherent to the anterior surface 
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of the kidney. Large, irregular, yellowish gray plaques were apparent 
superficially and, on section, were found to extend into the cortex for a 
distance of 1 or more mm. Several clots of blood were found in the 
pelvis; the mucosa was ruptured in places, and radiating out fan-wise 
through the medulla were areas of gross hemorrhage. 

The return of renal function after injuries of eomiiarable extent 
and severity was striking. 




■ 1: 

A. 

s. 


FiS. 5, — Operative skotcli illustrating 
mental trauma. A, Anterior aspect: B, 
state J. Metl. 30: 1, 1930.) 

tlic effect upon tlie kidney of severe e.\peri- 
Posterior aspect. (From Powers; New York 


G. — Pliotoi^rnplis of a. kidney removed on the second day after extensive injurj*. 
Tlie cnpsxilo Is altacliod only nt the pelvis ; larffe suporfleial yellow/.sh-pray plaques 
and oxtonsKa* piMotuIiymal homorrhap** are apparent. 


Microscopic Changes . — Tlie early lifstologic changes following injury 
of moderate severity were those of tubular degeneration witli relativelv 
little damage to the glomeruli, greatly swollen and congested vessels, 
extravasation of blood, eorlical hemorrliage continuous with tiiat benealli 
Ibe eaiisule. and areas of infai-etion with complete necrosis of the 
tulmlcs .•ind iiilillratioii of polymo,-|,|„„„„.i,,;,,. loueoevtes (Fig. 7) Li 
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many places the tubules we plugged with hyaline and cellular casts. 
Mitotic figures were abundant, indicating rapid regeneration of tubular 
epithelium {Fig. 8). 



Complete destruction of large areas of renal tissue followed trauma 
of greater severity. Outside these were zones of infiltration with inflam- 
matory cells. Adjacent w’ere areas in which both the degenerating 
tubules and easts contained large amounts of calcium (Pig. 9)- The 
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histologic picture is not dissimilar to that which is found in poisoning 
ivith corrosive sublimate. 

Healing occurred by the formation of scar tissue which, in some 
sections, was very dense, completely replacing all functioning renal 
tissue. Little blood pigment was left in places of former hemorrhage. 
No easts were apparent and the changes which remained were those of 
distortion and cicatrization. 



Fie. 9. — Deposits of calcium In deeencratlns tubules and casts (XlOO). 

CONCLUSION 

Impairment of renal function following trauma of moderate severity 
is transient. Severe injury is incompatible tvith life if the opposite 
kidney has been removed. Extensive trauma to one kidney, if the 
other organ is intact, may cause no great change in total renal func- 
tion. If the undamaged kidney is subsequently removed, the injured 
organ will regain sufiicicnt function to maintain renal activitv'at a 
satisfactory level. 

The chief pathologic change rasponsible for the transient impair- 
ment of function following injury are degeneration of the tubules 
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subcapsular and parenchymatous hemorrliagc, edema, and infarction. 
Prompt functional recovery is due to the rapid regeneration of tubular 
epithelium. 

The results suggest that the majority of patients with unilateral 
renal trauma maj^ be treated conservatively with the expectation that 
the injured kidney will recover sufficient function to be a useful and 
serviceable organ. 
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NEWER CONCEPTS IN THE TREATMENT OP INJURIES TO 
THE' LIGAMENTS OP THE KNEE JOINT : AN 
EVALUATION OP THE MAUCK OPERATION 

M. Thomas Horwitz, M.D., and Arthur J. Daaudson, M.D., 
Philadelphia, Pa. 

T he fact, as noted bj" Jones and Smith,' tliat stable knees may folloiv 
sevei-e dislocations of the knee joint treated conservatively; the 
practice of some surgeons to disregard or excise torn crucial ligaments 
with satisfactory stable results; and the more recent contributions of 
several observers wlio, in tlie presence of collateral and crucial ligament 
injuries, have secured stable Imees by tlie repair of the former alone, 
have strongly suggested the minor role played by the crucial ligaments 
in the integrity and function of the knee joint and, therefore, the lack 
of need in most cases for severe reconstructive procedures of the Hey- 
Groves- type. 

It is our intent (1) to express clinical and experimental confirmation 
of the above observations, and (2) to emphasize the applicability of the 
hlauek® operation, not only in the ti'eatment of a relaxed internal lateral 
ligament, but also for the restoration of stability and normal function 
in a knee joint with associated injuries to the crucial and collateral 
ligaments. 

ANATOMIC considerations 

The tibial collateral (internal lateral) ligament is attached to the 
medial condyle of the femur, near the adductor tubercle ; it crosses the 
medial aspect of the joint where it becomes attached to the peripheral 
border of the internal meniscus and is inserted into the medial border 
of the tibia, behind the semitendinosus tendon. It consists of a long 
superficial and a short deep portion, and it is the latter which shares 
the intimate relation with the internal semilunar cartilage. 

The fibular collateral (external lateral) ligament is a distinctly pal- 
pable, rounded band attached to the lateral femoral epicondyle; it is 
separated from the lateral a.spcct of the knee joint by the popliteus 
tendon and its bur.sa. At its insertion to the fibular head, the two slips of 
attachment of the biceps tendon with an interpo.sed bursa embrace it. 

The anterior crucial (cruciate) ligament, attached above to the outer 
femoral condyle far back in the intercondylar notch, is directed domi- 
ward, forward, and a little inward to its attachment in front of the 
tibial spine. 

nccolvo.l for piilillo.-itloii. Oct. 2. IPJT. 
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Honigsehmeid’' noted that (1) hyperexteiision produced a loosening of 
the crucial ligament attachments, of the anterior from the tibia, and of 
the posterior from the femur; (2) excessive flexion tore the anterior 
crucial ligament from its femoral attachment; (3) excessive adduction 
of the leg on the thigh ruptured the external lateral ligament, the 
anterior crucial ligament, and then the posterior crucial ligament; (4) 
excessive abduction detached the internal collateral ligament, x>osterior 
crucial, and then the anterior crucial ligaments; (5) excessive internal 
rotation of the tibia on the femur ruptured the capsule and anterior 
crucial ligament; and (6) excessive external rotation of the tibia de- 
tached the posterior crucial ligament from the tibia, ruptured the 
anterior crucial ligament, and detached the internal meniscus. 

Pringle’^ observed that, if through a small incision the anterior 
crucial ligament was divided, no abduction was ])ossible in the extended 
position and onlj' a slight degree in the flexed position, but that the 
range of abduction was greatly increased with section of the internal 
collateral ligament. He produced rupture of the anterior crucial liga- 
ment in cadavers by fixing the pelvis, flexing the luiee, abducting the leg 
and rotating it inwards on the femur. In all eases he noted that there 
was concomitant tearing of the deep fibers of the internal lateral liga- 
ment. 

Observations by one of us (M. T. H.) on the knees of ten cadavers at 
the Daniel Baugh Institute of Anatomy of the Jefferson Medical College 
and on fresh specimens from four lai*ge dogs serve to corroborate many 
of the above findings. The integrity of the knee was disturbed as little 
as possible through small anteromedial incisions and the necessary sever- 
ance performed with a tenotome. It was noted that : 

1. With the knee fully extended, section of the anterior crucial liga- 
ment, posterior crucial ligament, or both, did not disturb the stability of 
the knee. No undue lateral or rotatory motion and only very .slight 
anteroposterior motion was present. 

2. With the knee in full extension, the collateral ligaments severed, 
and the crucial ligaments intact, definite anteroposterior, lateral, and 
rotatory motion existed, whieli became greatly exaggerated with sever- 
ance of the crucial ligaments. 

3. Witli the knee flexed, if the anterior crucial ligament was severed, 
anteroposterior ("rocker”) motion became evident ; but this was greatlv 
increased, as was also the range of abduction and rotation of the tiliia 
on the femur with the knee flexed, when the internal collateral ligament 
was severed. 


4. With the knee flexed, even though tlie anterior erneial li-ament 
was left intact, severance of the internal lateral ligament re.sulted in 
definite “rocker” motion, with inerea.se in abduction and rotation of 11, e 
tibia on tlie femur. 
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The postex’ior ex’iieial (cruciate) ligament is attached above to the 
front part of the inner aspect of the femoral intercondylar notch and 
passes downward, bacicxvard, and a little outward to become attached 
to the tibia at the posterior portion of its articular surface. 

The integi’ity of the loiee joint depends not only on these ligamentous 
structures but also upon the posterior oblique ligament, the muscular 
aponeuroses and tendons about the joint, and, to a less extent, the capsule 
and menisci. 

The lateral ligaments become taixt in full extension, checking hyper- 
e.xtension, lateral motion, and rotation. In flexion, since their femoro- 
tibial attachments approximate, they are relaxed ; the knee joint becomes 
loose, and slight lateral and rotatory motion about a longitudinal axis 
now becomes possible (Steindler^). 

The usual conception of crucial ligament function, based on its 
anatomic construction, is that the anterior crucial ligament, checking 
forward displacement of the tibia, becomes tense in full extension, while 
the posterior crucial ligament, cheeking baclcward displacement of the 
tibia, becomes taut in full flexion. Milch® notes that this is at variance 
■ivith the studies of "Weber,® Meyer," and Pick,® who observed that during 
flexion and extension dilferent portions of both crucial ligaments be- 
came taut in different stages of motion, and that the position of maximum 
tension of both crucial ligaments was that of flexion and internal rotation 
of the tibia on the femur. “Prom these considerations it appears reason- 
able to conclude that the crucial ligaments function mainly during the 
act of flexion, and that during extension the support of the knee is 
undertaken by other structures, viz., the collateral ligaments and the 
muscles about the joint” (Milch). 

EXPERUnjNTAL CONSmER.VTIONS 

Giertsen® quotes H3T.’tl’s anatomic observations that (1) in extension 
the stability of the Icnee remains intact if the crucial ligaments are 
severed, provided that the collateral ligaments remain intact; and 
(2) instability in flexion and extension i-esults if the collateral liga- 
ments are severed and the crueials left intact. 

Weber,® as noted bj^ Milch, observed that irith the collateral liga- 
ments intact and the crucial ligaments severed, the knee was stable m 
extension and unstable in flexion, while the reverse conditions existed 
if the collatei’al ligaments were sectioned and the erucials preserved. 

Pagensteclier’® ruptured the anterior crticial ligament in cadavers 
by blows fi’om behind applied to the upper end of the tibia with the 
knee flexed, and the posterior crncial ligament by blows upon the front 
of the upper tibial extremity. He could nipture the anterior crucial 
ligament only at its attachment. 
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relaxed anterior crucial ligaments and each Avith a posith^e "rocker” 
sign and lateral instability, secured stable knees bj^ employing bis 
method of internal lateral ligament reinforcement. 


TREATMENT 


Injury, either as actual tears or stretehing, to the internal collateral 
ligament should be anticipated in all injux’ies of the Imee joint. Sec- 
ondaiy relaxation may follow uncontrolled intraartieular effusion. Con- 
servative therapy is indicated in the early stages, with aspiration 
deferred until fort 3 ’’-eight hours after the injury is incurred and then 
repeated if necessary. Immobilization is best secured Avith a close-fitting 
plaster bandage, and in injuries of the collateral ligaments alone this 
maj^ be hinged at the knee to alloAv flexion and extension and yet inhibit 
lateral stress and torsion. 

For the surgical reconstruction of the internal lateral ligament, AlAAyn 
Smith” utilizes the additional length of the fascial strip employed to 
reconstruct the anterior crucial ligament, to bridge the medial aspect 
of the knee joint, suturing it to the internal femoral condyle. Bennett” 
plieates the relaxed internal capsule, reinforcing this in his more recent 
cases AA'ith fascial strips. Cotton and Morrison^ and BosAvorth and 
BosAvorth” employ a fascial strip, run through drill holes on the medial 
surfaces of the inner femoral and tibial condjdes and made to bridge 
the joint in cross-fashion. Wilson-® and Campbell®® use a pedunculated 
fascial flap, its femoral attachment preserAmd, sutnring it to the medial 
surface of the internal tibial condjdc. Othei’s prefer the use of adjacent 
tendons to reinforce the internal ligament; McjMurray®® utilizing the 
sarlorius; Eikenbary,” the semitcndinosus ; Edwards,®’ the gracilis and 
scmitendinosus ; and Phillips,®® the gracilis alone. 

hlauek® descriiied his procedure for the treatment of relaxation of the 
internal lateral ligament folloAving trauma and effusion and unrelicAmd 
by a conscrA'ativc regime. He attributes such relaxation to detaclunent 
of the internal lateral ligament Avith its attached internal semilunar 
cartilage from its tibial insertion. The resulting liA-permobilit^' is often 
aggravated b.v the remoA'al of the inteimal meniscus, deranged or benign, 
and sucli a knee is predestined for further derangement. His procedure 
is ]ierformed as folloAvs: 


Tlie inner aspect of the knee joint is exposed through a slightly 
anterior curved incision, extending from the adductor tubercle of the 
femur to 4 inches below the joint line, and the skin and fascia ai'e dis- 


seetcfl anteriorly and posteriorly. With a broad chisel the inner side 
of the tilnal head, with the attached internal lateral ligament is re- 
moved and reflected upAvard.s, this triangular-shaped flap measuring 
IV,. inches in length and Hg inch in thickne.ss at the articular surface'’ 
The capsule ..s meised at, the anterior and posterior margins of the bonv 
flap, and the mteraal meniscus, attached to the capsular flap is excised 
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was torn ? 

as tom from Its tibial attachment in eacli ease, and witli the abduet- 
g force eontinned, marked stress was placed npon hoili erueial lign- 
ents, the greatest strain being exerted on the anterior when the leg 
^ms internally rotated and on the posterior when the leg was external],- 
a e . n tins position the internal meniscus, its anterior and pos- 
terior attachments intact, became displaced into the knee joint, but no 

actual tear was seen to occur, possibly due to tlie absence of suporin- 
eurabent weight. 


CLINICAL CONSIDERATIONS 

These anatomic studies serve to confirm the clinical experience of a 
small group of observers.’^-“ Their contentions are ivell expressed 
in the conclusion of Milch’s^ excellent paper: “I have come to believe 
that, contrary to general opinion, the anterior crucial ligament is not 
a vitally necessary structure and that its loss is thoroughly compatible 
with relatively normal function of the loiee, that the diagnosis of rup- 
ture of this ligament alone is not as simple as it has been stated to be, 
that the tests ('rocker’ and extension tests) are in all probability indica- 
tive of injuries to both the crucial and the internal lateral ligaments, that 
the disability is due primarilj' to the loss of integrity of tlie internal lateral 
ligament, and that in consequence surgical elforts should be directed 
primarily toward the repair of tlie internal lateral ligament . . . rather 
than repair of the crucial ligament. ...” 

The great improvement in the results of crucial ligament repair with 
fascia or tendon by the Alvyn Smith'^ modification, of additional recon- 
struction of the internal lateral ligament, was immediately appreciated 
and accepted by Hey-Groves-^ and utilized by later contributors. 
Bennett'' successfully treated five out of six cases with torn anterior 
crucial ligaments confii’ined by artlnotomy by his method of plication 
of the medial capsule and fascial reenforeement of the internal lateral 
ligament alone, with resulting normal stability and function. Cotton 
and Morrison,-' and Bosworth and Bosworth^® secured stable Imees with 
their methods of internal lateral ligament reconstruction, disregarding 
the repair of the associated torn anterior crucial ligaments. Tixier 
and DeRougemont"' excised a fractured tibial spine and the entire 
anterior erueial ligament with resulting excellent stability and knee 
function, confirming similar experiences by Tavernier, '■* Leriehe and 
De Girardicr,'® and Constantini and Conniot.^^ In discussing this paper 
Tavernier''’ reported a case of anterior crucial and internal lateral 
ligament tears, nboi-ein rc.storalion of the latter alone resulted in a 
normal knee. M' ‘ also, h.-i.s noted satisfactory knee-joint .stabihl.v 
following the roscetron of n torn anterior crucial ligament. Mo.st re- 
cently, Planck,” in three ca.se.s, one witJi domon.strabJe tear and two with 
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CASE REPOKTS 

Case 1— W. L., a colored male, aged twenty years, injured liis left knee in a 
fall one j’ear jDrior to admission, with resulting persistent disability and instability. 
On examination the left knee evidenced periarticular swelling and a moderate synovial 
effusion. The range of motion was from full extension to a right angle. There was 
definitely localized tenderness in the region of the anterior attaclimeut of the internal 
meniscus. "With the knee fully extended, definite anteroposterior motion of the tibia 
on the femur was elicited and the leg could be abducted 15° to 20°. With the knee 
flexed, the "rocker” sign was strongly positive. Eoentgenographic studies of the 
affected knee and all laboratory studies were negative. 

A preoperative diagnosis of torn anterior crucial ligament, torn internal meniscus, 
and relaxed internal collateral ligament was confirmed at the time of operation 
(Feb. 3, 1937), at which time the Mauck procedure was performed. The extremity 
was immobilized in a plaster bandage for two weeks and lunged at the knee for four 
additional weeks. 

Eestoration of function was rapid with complete return of motion six weeks fol- 
lowing the removal of the pla.stcr. All anteroposterior and abnormal lateral motion 
had disappeared. To date there has been no secondary relaxation and the patient has 
returned to his vocation of bell-hop. 

Case 2. — L. K., a white male student, aged eighteen years, injured his left knee 
one year prior to admission while playing ball. He thereafter suffered persistent 
pain, swelling, weakness, and instability. Examination revealed the left knee to be 
moderately swollen due to a sj-novial effusion and thickened sj-novial membrane. 
There was localized tenderness at the anterior horn of the internal semilunar cartilage 
and in the region of the tibial attachment of the internal lateral ligament. There 
was undue anteroposterior and lateral motion of the tibia on the femur with tlic knee 
fully extended and a positive "rocker” sign with the knee flexed. The range of 
motion was normal. X-ray studies of the injured knee were negative. 

A preoporative diagnosis of torn anterior crucial ligament, torn internal meniscus, 
and relaxed internal collateral ligament was confirmed at operation (June 20, 1937), 
at which time a tj'pical klauck procedure was performed. The knee was completely 
immobilized in plaster bandage, in full extcn.sion, for three weeks. 

Normal function returned rapidly following the removal of fixation. Tlic abnormal 
anteroposterior and lateral movements were no longer evident and tlic "rocker” 
sign was barely elicited. There lias been no secondary relaxation up to the present. 


In two other cases with disruption of the anterior crucial ligament, 
corroborated at the time of arthrotomy for deranged internal menisci, 
hut with intael internal lateral ligaments, o.xeellent stability witliout 
any preternatural mobility rcsidted, allliongh the crucial ligament tears 
were disregarded. One oilier ease is .significant, a severe, traumatic, 
medial dislocation of tlie tibia on the femur with unque.stionahle sever- 
ance of botli crucial lignmcnls. Oonservative treatment was instituted 
and the extremity encased in a jdaster bandage, with resulting c.vcollent 
stability and normal function. Wc feel that in this ease tiic internal 
collateral ligament was not critically rn])tnred and possibly only .scverelv 
stretched. 


CONGLUSION.S 


1. A review IS given of previous o.xjicrimcntal and clinical ohsorva 
tarns and onr own contributions arc dc.scrihod to snhstanfiato llic con- 
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SURGERY 


The laiee joint maj^ now be tlioroughV inspected. To shorten the 
internal lateral ligament, the bone flai) is pulled downwards forcefiill.v, 
and with the leg fullj'' extended and strongly adducted it is mortised into 
a trough prep'ai’ed % to ly^ inches below its former site, on tlie medial 
aspect of the tibia. Thus the lower end of the ligament, i.e., its weak- 
ened fibrous portion, contacts a fresh bony surface to which it becomes 
adherent (Pig. 1 .4. and B). The capsule is plicated if necessary and the 
subeutaneous tissue and skiai closed. Mauek then applies a plaster 
bandage with the knee in full extension for six weeks, and this is hinged 
at the Iniee at the end of two weeks to allow’ early flexion and extension.* 
This technique has been employed bj’’ the senior author (A. J. D.) in 
the treatment of two cases, each wdth proved antei’ior crucial ligament 
tear, torn internal meniscus, and marked relaxation of the internal 



Pig. 1.— niustrating the Mauck operation. A, The tibial and its attached 

internal lateral ligament reHeoted upwards, and a trough under ten- 

tibial surface; B and C, the bone flap displaced downwards and fo^ards under 
Sion and mortised into place following removal of tlie internal semilunar cartilage. 


collateral ligament. TJie whole bone flap was implanted fortvard as 
well as dowmward to increase the obliquity of the anterior fiheis oi tie 
ligament and to act as an additional check against forward movement 
of the tibial head on the femur, as recommended htfi not practiced Dj 
Mauck (Pig. 1 C). The procedure seems most applicable for this type 
of ease because it pcrniite an excellent exposure of the interior of t le 
Imee joint without unduly disturbing its eapsiilohgamentous envelope 
because the removal of the internal meniscus, deranged or nornin , 
permits a close approximation of the tibia to the fempr; aJm jceanse 
it is a direct attack upon and actual shortening of Iho internal laleia 
li"ament rather than a substitution ?)y fascia or tendon. 

■ — A. (zur WierIorhor.»tcIlunBs.ChfrHrKlo dra Knlcgc!cnkc.i. W'icn. kiln- 
atcK, 4 393 4 ) dc.*^crlbes nn exposure of the knee Joint not unlike llic JJauck 

■\Vchnscnr. • n portion pf tjie mo<Ua{ fcttiornl ejilcondylc, turnlnfiT It dntv’n 

operation. ^ nnd. follon’lntr repair* of the internal structures, nnlllnfi: 

proxlnwii to Its orJfrliml position, iinrler tension. 
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SURGERY 


eept that the anterior crucial ligament is not vital to the integrity of 
knee joint stability and function; that the diagnostic signs usually 
described as indicative of crucial ligament injury are also indicative of 
internal collateral ligament derangement; and that surgical procedures 
slioiild seek to correct the relaxed or torn internal lateral ligament 
alone. 

2. The Mauek procedure is described and its value in the correction 
of relaxation of the internal lateral ligament is- corroborated. 

3. The adaptability of the klauek technique for the repair of the re- 
laxed internal lateral ligament associated with tear of the anterior crucial 
ligament is stressed. Where the internal ligament is frankly and 
irreparably laipturod, a fascial or tendinous reconstruction becomes 
obligatory. 

Wc are deeplr sr.ateful to Professor J. Parsons Sclmeffer. Director of the Daniel 
Baugrh Institute of Anatomy. Jefferson Jledlcal Collefrc, for the liberal siipplv of 
anatomic material. 
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POSTERIOR DISLOCATION OP THE FIRST CERVICAL VER- 
TEBRA WITH FRACTURE OP THE ODONTOID PROCESS 
Rudolph S. Reich, M.D., CLE^'ELAND, Ohio 

I 'HE incidence of dislocation of the upper cervical spine associated 
with fracture is not rare. In fact, the literature abounds in numer- 
ous reports of the condition. In looking through the literature, how- 
evez’, one is impreissed ivith the absence of posterior dislocation of the 
fii’st cervical vertebra and the treatment of this apparently unusual 
injui’y. This is the reason for reporting the single ease, the report 
which is as follows: 

Case Beport. — Atr-s. L. At., aged j’cars, w.as riding in (he front seat of an 

automobile ne.\'t to the driver on Oct. 27, 1934, when she was thrown out of her seat 
in a head-on collision, her forehead striking the sill above the windshield and her 
head being thrust foreiblj- backward. She inunediatelj’ sensed increasing diffieiiltj’ 
in using her arms and was helpless when she arrived in the hospital. She states that 
she was numb from her neck dou-n; and whereas she had some control of her arms 
and legs, she was unable to regulate these movements, which were more or less 
purposeless. She sustained a verj- extensive scalp wound involving almost the entire 
frontal and biparietal, areas. Her scalp wound was sutured and she was placed in 
bed with sandbags on cither side of her head. 

She was seen hy me in consultation ten days after the accident. At this time, 
examination revealed an extensive suppurating scalp wound involving the frontal 
and biparietal regions. The chin was pointed upward and to the right. There was 
complete limitation in rotation of the head, and the other movements of the cervical 
spine were markedfv restricted. The pronator, biceps, triceps, patellar, and Acliillc.s 
reflexes were all present and sjannietrical, but markedly" increased, slightlj’ more on 
the left side. She stated that since her accident she had noticed a slight improve- 
ment of her right arm, so that at the time of nij' first examination she was able to 
grasp an object on the bedside table next to her. The left arm, however, was “still 
entire]}' out of control.” She was able to move her lower extremities and there 
was no sensor}' disturbance. There was no urinary or fecal incontinence. 

Roentgenograms (Fig.s. 1 and 2) taken immediately after the accident showed 
the first cervical vertebra to be dislocated posteriorly for a distance of approximately 

inch, and to the left side for a distance of .approxi/mitely M inch. Obviously, 
tiie articular facets were also dislocated and there was a fracture of the 
odontoid process which was displaced posteriorly. 

The patient was removed to Mt. Sinai Hospital, Cleveland, Ohio, where reduc- 
tion was attempted as follows: The patient was gix’cn preliminary hypodermic 
injection of . orphine sulphate, gr. 1/C, and atropine sulphate, gr. 1/150, followed 
by tribromethanol anesthesia, SO mg. per kilogram of body weight, bhe nns then 
placed on the Albee fracture table and reduction was accomplished by revcr.sing (he 
Walton maneuver. In other words, (he patient was placed supine instead of prone 
on the fracture table and .-i halter was .-ipplied and fixed to a web .«(rap which w.is 
placed around my rvnist. Because of the necessity of obtaining an upward pull, Jt 
was necessary to be clev.-ifed on .a .stool, approximately eighteen inches high. By 

Heccivecl for piihllentlon, Auw. .to. J9ST. 
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POSTERIOR DISLOCATION OP THE FIRST CERVICAL VER- 
TEBRA WITH FRACTURE OP THE ODONTOID PROCESS 
Rudolph S. Reich, M.D., Clevedahd, Ohio 

I *HE iueideiice of dislocation of the upper cervical spine associated 
with fracture is uot I'are. In fact, the literature abounds in numer- 
ous reports of the condition. In looking thi'oug’h the literature, ho^v- 
ever, one is impressed witli the absence of posterioi’ dislocation of the 
first cervical vertebra and the treatment of this apparently unusual 
injury. Tliis is the reason for reporting tlie single ease, the I'eport 
which is as follows: 

Case Eeport. — Jlrs. L. JI., aged vcar.'i, was riding in the front .seat of an 

automobile next to the driver on Oct. 27, 1934, when slie was thromi out of lier seat 
in a head-on collision, her forehead striking the sill above the windshield and her 
head being thrust forcibly backward. She immediatelj- sensed increasing ditficultj- 
in using her arms and was helpless when she arrived in the hospital. She states that 
she was numb from her neck down; and whereas she had some control of her arms 
and legs, she was unable to regulate these movements, which were more or less 
purposeless. She sustained a verj- e.xtensive scalp wound involving almost the entire 
frontal and biparietal. areas. Her scalp wound wa.s sutured and she was placed in 
bed with sandbags on either .side of her head. 

She was seen b.v me in consultation ten daj-s after the accident. At this time, 
examination revealed an extensive suppurating scalp wound involving the frontal 
and biparietal regions. The chin was pointed upward and to the right. There was 
complete limitation in rotation of the head, and the other movements of the cervical 
spine were markedlj' restricted. The pronator, biceps, triceps, patellar, and Achilles 
reflexes were all present and sj'innietrical, but markedlj’ increased, slightlj' more on 
the left side. She stated that since her accident she Jiad noticed a slight improve- 
ment of her right arm, so timt at the time of my first examination slio was able to 
grasp an object on the bedside table next to her. The left arm, however, was "still 
entirely out of control." She was able to move her lower extremities and there 
was no sensory disturbance. Tliere w.as no uriniirj' or fecal incontinence. 

Roentgenograms (Figs. 1 and 2) taken immediately- after the accident .showed 
the fir.st cervical vertebra to be dislocated posteriorly for a distance of approximately 
% inch, and to the left side for a distance of npproximntely Vi inch. Obviously, 
the axticulaT facets were also dislocated and there was a frncturo of the 
odontoid process which was displaced posteriorly. 

The patient was removed to Mt. Sinai Hospital, Cleveland, Ohio, where reduc- 
tion was attempted as follows: The patient was given preliminary hypodermie 
injection of --mrphine sulphate, gr. 1/fi, and atropine sulphate, gr. 1/150, followed 
bv tribromethauol anesthesia, SO mg. per kilogram of boily weight. She was i :en 
placed on the Albee fracture table and reduction was necomplished by rever.siiig t le 
Walton maneuver. In other words, the patient was placed .supine instead of prone 
on the fracture table and a halter wa.s .-ipplied and fixed to a web strap which rros 
placed around my waist. Because of the necos.s/fy of obtaining an upwjird pull, rt 
w-ns necc.ssarv to be elevated on a stool, .njipro.viniafeh- eighteen inches high. By 

Heeelvod for pulillcntlon. Auk-. 30. 3.0.3T. 
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position, a plaster of Paris bandage was applied, including the upper torso, shoulders, 
neck, and head, cutting out a window for dressing the scalp wound, and the patient 
was placed in bed. 

Within three days she began to note improvement of the sensory function of her 
left arm, and after approximately ten days, the motor control of the left arm became 
evident, although the movements at that time were still inooordinated. However, 
within approximately another two weeks the patient was able to reach for articles 
and grasp them, and from then on motor recovery continued to improve. About two 
months after reduction, she was able to feed herself. Pour weeks following the re- 
duction and application of the cast, it was removed and another plaster bandage 
applied, which now included the entire scalp, as the scalp wounds had healed. This 
remained applied for approximately three and one-half weeks, when it was removed 
and replaced by another. This bandage remained applied for six weeks, after which 
period it was removed and an aluminum neck brace applied. This brace was re- 
moved periodically and active rotation encouraged. 

Three months following the reduction, the patient was able to get about without 
any difficulty whatever and had complete control of her right arm, although she still 
complained of some ‘ ' weakness ’ ’ in her left. This weakness did not impair her from 
using it for the usual necessities. The reflexes of the arm and forearm had 
diminished in intensity and were now symmetrical. In spite of the fact that the 
patient had no difficulty with the lower extremities, the patellar reflexes continued 
to be slightly exaggerated up to the last examination, Dec. 17, 1930. 

After six months the brace was entirely discarded and more active rotation 
encouraged. Rotation is now approximately 75 per cent of normal, and the other 
movements arc not impaired. 


COJIJIENT 

1. Search of the literature reveals that many cases of dislocation of 
the first cervical vertebra associated with fracture have been reported, 
hut these cases are all anterior dislocations. Broolts’ various articles 
are probably the most comprehensive, notably, the one published in 
1933 which report.s fortj' cases, of which twent.r were fractures of the 
fir.st cervical, every one being an anterior dislocation. These anterior 
dislocations present a very definite deformity; namely, the head tilted 
forward, with the chin on the upper thorax in some instances. In the 
posterior dislocation, the head is obviously in tlie opposite position, 
being tilted backward with the head a little to one side and the chin 
pointing upward. 

2. It is interesting to note that the Walton maneuver also mav be 
applied to the posterior type of dislocation, with position of the pa- 
tient and the maneuver naturally reversed. This type of maneuver 
has been very sneeessfnl in this case. 

3. 1 have been particularly gratified with the use of rectal ane.s- 
tho.sia in this case, as it worked perfectly. Tiio patient was alwav.s 
under control, and we did not experience any inconvenience at Imv- 
ing the anesthetist in our way, which would' necessarilv he the case' 
in inhalative anesthesia. This method also has been used mimermis 
times by the writer in redneiiig compre.s-sion fractures of the spine 



FiS. S. — Lateral view showing reduction of dislocation of the first oerx'icnl vortohr.a 
and alignment of the fractured odontoid process. 




RECTOVAGINAL CLOACA 

Report of a Case and a Simple ]\Iethod op Reconstruction 


Charles AV. LIayo, AI.D., and AVinfield L. Butsch, AI.D/' 
Rochester, Minn. 

(From the Division of Surgery, the Mayo Clinic, and the Mayo Foundation) 

S INCE Bodenhamer’s definitive volume on congenital malformations 
of the rectum and anus, which was written in 1860, there have been 
few published instances of the surgical treatment of I’ectovaginal cloaca. 
A notable exception to this Avas the description by Stone of his operation 
for this defect in 1936. His procedure is suited for the cases in which 
the rectum opens into the posterior Avail of the vagina at a A’ariable dis- 
tance above the vaginal introitus. In our case the rectum opened into 
the vagina at the posterior fourehet. This, according to Stone, is the 
commonest type of rectovaginal cloaca. It seemed advisable, therefore, 
to report the case in Avhich Ave recently performed an operation by a 
simple method and in Avhich the result Avas successful. 

Prom the standpoint of comparatiA'e anatomy, the cases reported by 
Stone represent an arrest at an earlier stage in the evolutionary scale 
than does our case. In amphibia the rectum opens into the top of the 
cloaca, which Avould correspond to an opening of the rectum into the 
posterior fornix of the vagina of the malformed human female. The 
opening of the rectum passes dowiiAA'ard as one ascends the evolutionary 
scale to the reptilia, in Avhich it opens midAAuy doAATi tlie cloaca. In 
marsupials the rectum opens into a very small cloaca very near the 
perineum. This corresponds lo the condition obtaining in our case. 

fiir Arthur Keitli said liiat tliese malformations occur in one of about 
every 5,000 iufauls so ii may Ik* beyond Ihe experience of any one phy- 
sician to encounter the condition. A'el, if the condition is encountered, 
one .should knoAv a safe and successful method of treatment. It is the 
consensus that operative treatment should not be instituted until the 
child reaches the age of at least six or scA’cti veal’s. Spontaneous separa- 
tion of the rectum and vagina has occurred Avhen operation has been 
thus postponed. Dilation of the A-aginal orifice of the rectum is iisiuillv 
sufficient, as a temporary expedient, to permit the patient to have unim- 
liedcd bowel movements until operation is deemed advisable. 

Lynch and Hamilton have recently do.scribcd congenital abnormalities 
of the rectum and suggested operative procedure.s for their correction. 

fc\T pubUcnlion. 2n, 3?57, 

•I>nnw in SuntPOA Uic M.nyn Fotmdatlon. 
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SURGERY 


SUJIMABY 

A ease of jiosterioi' dislocation of the fii-st cervical vcriclira iissocialod 
with fj-actnrc and also with fracture of the odontoid process of the sec- 
ond cervical vei'tebra is reported. The Walton method of reduction, 
reversing- the position of the jjatient and reversing the maneuver, proved 
very successful. Eeetal anesthe.sia, by the emplo.yment of tribrometlia- 
nol, offered complete relaxation ivithout the inconvenience of having 
an anesthetist in one’s way. 
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REPORT OP CASE 

A girl, aged eleven years, was brouglit to the clinic because her ‘‘rectum was 
not in the right place.” Shortly after her birth her parents had noted that the 
rectum opened into the same cavity as did the vagina. The opening was small and 
feces had to be extracted manually on numerous occasions. When she was one 
year old her physician had dilated the opening of the rectum and this had facilitated 
her bowel movements considerably. However, she had continued to depend on the 
frequent use of cathartics and enemas. Three years before her admission to the 
clinic she had been advised to take mineral oil daily, which had aided in the 
expulsion of feces. During the year before the patient came to the clinic her 
sphincterie control had been poor and there had been daily soiling of her clothes. 

The urethral orifice was normal and the vagina was well developed. The lower 
half of the rectovaginal septum was entirely lacking. The rectum communicated 
with the vagina at this point. The fourchet had been replaced by the posterior 
rectal wall. The anterior half of tlie external and sphincter was absent, but a 
semicircular posterior portion was palpable and partially surrounded the posterior 
rectal wall. 

Proctoscopic examination revealed that the rectum and sigmoid colon were 
dilated to two or three times their normal diameter throughout the distal 24 cm. 
A barium enema was given, but the roentgenogram of the colon was unsatisfactory 
because of the patient’s inability to retain the enema. However, the roentgenologist 
did not find any evidence of a megacolon. 

The operative method used was an adaptation of the comnionly used means of 
restoring the perineal body following laceration caused by childbirth. In this 
mstance it has served very well to construct the perineal body of a girl who had 
never had one. Pig. 1 n shows the condition of the patient when she presented 
herself for examination. The po.sterior half of the external sphincter of the anus 
was present and could be palpated. By parting the labia, the upper part of the 
incomplete rectovaginal septum could be seen (Pig. 1 l>). This was pulled down 
with tenaculum forceps and an incision was made in its free border (Pig. 1 c). 
The vaginal and rectal mucous membranes were then carefully dissected back (Fig. 
1 d) until the eilge of the levator ani muscles could be located and grasped on each 
side (Pig. 1 e). The levator ani muscles were sutured together in the midline with 
interrupted sutures of chromie catgut (Fig. 1 f). The submucous tissue was then 
united over the approximated muscles (Pig. 1 p). Finally, skin flaps were raised 
laterally and slid over across the newly constructed perineal body (Fig. 1 h). 

Tile wound healed by first intention without any drainage. The patient was able 
to control her bowel movements perfectly without any soiling of the clothes. 
When she was dismissed from the hospital, the anus was separated from the 
vagina by I't inches (3.7 cm.) of skin, and a firm rectovaginal septum was present. 

COSIJIENT 

A reeont lollov, which expressed Ihc hapi»iness of Ihc invents and the 
patient with the result of the operation, further attests to tiic efiieaey of 
the operative procedure. 
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of the hospital and its bed capacity. Beginning in 1934, there ivas 
added considerable other information of assistance to prospective candi- 
dates, such as the percentage of free and pay patients, the percentage 
of autopsies, the number of residencies, and -whether or not there "was 
au out-patient seiwice. Beginning -with the issue of 1937, a further 
valuable addition -was made in that the posts -were divided into resi- 
dencies and assistant residencies. 


A study of the figures submitted in these publications has been made, 
utilizing certain criteria for inclusion of a residency as desirable for 
men -wishing to qualify for the American Board of Surgery. The 
criteria utilized in the selection -were 20 per cent or more free beds® 
and an out-patient ser-\dce. It was felt that if a hospital did not have 
at least this number of free beds, it could not possibly give to the 
young surgeon in his later years of training the adequate operative 
experience in which the candidate had assumed the complete rcsponsibilitij 
as is demanded by the Board of Certification in Surgery. Utilizmg 
these standards, we find the folio-wing number of approved residencies : 
1934, 417 ; 1935, 439 ; 1936, 456 ; and 1937, 603. The figure for 1937 
may be further divided into 248 i-esidencies and 355 assistant residen- 
cies. These figures show a steadj’- gain in the number of the posts avail- 
able, but if one examines the figure critically it is noted that the great 
percentage of the posts offered are for one year only and there is no 
intimation given in the data that such a post may be continued a 
second year with increased responsibilities. Moreover, it is known 
that a very considerable number of these residencies are posts for 
which a man qualifies after a single year’s previous training, ti-aining 
which, in fact, raa}’- be on a rotating service where the amount of 
surgical experience has been meager, ft would be desirable if the 
Council on Jledical Education and Hospitals could extend somewhat 
Ihe amount of information given concerning the approved residencies 
and assistant residencies. Thus the addition of an item describing 
the amount of work the interne should have had before he can qualify 
for the post of assistant resident would be very helpfvd. There 
obviously is no comparison between the responsibility which can be 
given to a resident in surgery who has had a rotating interne.ship and 
the responsibility which can be given to a resident surgeon who has 
had not only a one- or two-year straight surgical interneship b\it in 
addition has had one or two years as assistant resident surgeon. 
There should be some way of bringing this information to the young 
•surgeon. The splendid work accomplished by the Council of Medical 
Education and Hospitals in elevating the character and diminishing 


■I have inlin'rolcd **frf*'" or “clinrltV uk i... * 

a direct responsibility or the liospltal nither than of a private 'vho arc 

Jnlirhl be nUilrod na a source of nmterlnl for ?;lvlntr f.l‘ r ? ^ nnd thus 
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Opportunities for Graduate Training in Surgery 

nPHE Anierieau Board of Surgeiy ]ias shouldered upon the surgeons 
of our country a great responsibility. The qualifications demanded 
for examination by the Board specify certain periods of training in hos- 
pitals and medical schools after receiving the degree of M.D. : (1) an 
interneship of not less than one year, (2) furtlier training in surgery in 
hospital and medical school of not less than three years, (3) adequate 
operative experiences in which the candidate has assumed the whole re- 
sponsibility, and (4) an additional period of not less than two years of 
study or practice in surgery. Tlie natural corollary tp these demands 
is that there be places where a prospective candidate may secure this 
experience. Are there such places and are there a sufficient number of 
such places to educate all the men who should have and would lilce to 
have this e.xperience ? 

After a personal sui'vey of a large number of medical centers and 
hospitals and after a careful study of the very valuable data compiled 
each year by the Ameiiean Jledieal Association and published in the 
hospital or educational numbers of their journal, I am convinced that 
the opportunities now afforded to fulfill the qualifications demanded 
by the American Board of Surgery are inadequate. 

The material published for many year.s by the American Medical 
Association in tlie hospital number of the Join-nal is of considerable 
value to the young medical graduate in choosing the hospital to which 
he may go for furflicr education. The.se tables, however, do not contain 
lists of posts hc.vond the interne.ship, nor do they specify llic i)or- 
centage of free hed.s nor the autopsy |)ere.eutagc. which arc ju'iinc 
criteria for the student to study if he is to choose a hospital where his 
experieuee will be considerable and instrue.five. In addition to the 
information in this number, the American Medical Association has 
publLsh uI in their educational number for many year.s data eouceru- 
ing hospitals, at first listing hospitals approved for iiifcrncships hy the 
Council on .Medical Edueafiou and liosiiifal.s of the American Medical 
As.sociafioii. In the last five years it has published a sejiaivile list of 
ho.sp/tahs approved for resideneies as well. Tiie lists of such a[i}iroied 
resideiicie.s in (he educational niiiiiber of the JoiiranI of the A>ii(r!c(iii 
Medical Assnciation are not of great value preceding 11)3-1. because in 
the vears antecedent to that time the list eotilaioed merely the location 
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of the patient, let alone this educational responsibility of the hospitals, 
there is every reason why adequate residencies should be established. 
The addition of such a person to a hospital staff leaves in the hospital 
at all times a man well equipped for surgical emergencies. It also 
leaves a mentor and leader for the house staff, someone who will see 
that tlie internes are taught the innumerable little things they 
should loiow about dressings and the care of the patient. Such 
an incumlient gives eonfidenee to the patient and allows tlie trustees 
to feel that the hospital is adequatel3' covered at times when the visiting 
staff are not at hand. 

A great step forward was made when the American Board of Sur- 
gery set up such stringent qualifications. It now behooves all of us 
to make possible the postgraduate ti'aining of the j*oung surgeon so 
that the qualifications demanded can be met and fulfilled. 

—ElUoU C. Cutler, M.B. 

Boston, Mass. 


Is Judgment Necessarily Inarticulate? 

'~PHE beginner in medicine learns by a hard road certain elemental’}' 
facts about the body and its abnoi-malities, facts chosen for their 
relationship to disease and the treatment of disease. When he first 
approaches the patient, he seeks to apply this knowledge to a par- 
ticular clinical problem. At the outset his progress is slow and stum- 
bling ; his facts are incomplete and he has not jmt learned their rela- 
tive importance, nor the trick of combining them into a logical com- 
posite. As his experience with disease enlarges, these crudities dimin- 
ish and, after a time, he becomes able to visualize the patient as a 
whole, the place of the presenting disease in the picture, and the 
rational treatment to be applied. When he has developed the abilitj’ 
so to applj- facts tempered bj’ experience that in a good proportion of 
instances the outcome of the case points to no mistakes in its handling, 
he is said to have developed iudgment. 

Essentialh', judgment is a memorj' and association phenomenon, 
being developed more quickly the wider the professional reading and 
the, more catholic the clinical contacts. The man who can most per- 
tinently gather together scattered observations from his experience 
and make them refer to the individual case is the man most assured 
of exercising good .iudgmeut. But there is implied anotiicr factor 
which we profess to recognize in the field of medical education- 
namely, the ability to express reasons for conclusions. If a doctor 
can say “I am proposing to carry out this treatment because 
and can clearly express the rationale of treatment, one i.s more im 
pressed by liis decision ns embodying good judgraent than if he is 
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tlie inunber of oin- Rieclical schools by a system of grading suggests 
that a similai- plan be adopted in regard to hospitals. 

In adopting a system of rating or grading hospitals for graduate 
training in surgery, it mould be necessary to grade or rate them on a 
descriptive plan, grouping separately (1) hospitals approved for 
undergraduate teaching, (2) hospitals approved for graduate train- 
ing, and (3) hospitals of great community value whoso clientele 
is mostly private. Sueli a plan would place no affront on flie 
.splendid private hospitals performing a most useful community pur- 
pose, as would occur if only teaching or training institutions were 
graded, hloreover, such a grading of all hospitals would serve an- 
other most useful service by stimulating boards of trustees to belter 
their own institutions. Thus, a Grade “A” Hospital in each group 
would be representati'^'e of the best qualifications in that group. In 
the groirp fitted for the graduate training of the surgeon. Grade “A” 
would signify hospitals which had some tie-up with a medical school 
in oi’der that the qualifications under the head “Special Training” 
in the booklet of information put out by the American Board of Sur- 
gery be fulfilled. Moreover, in this group a Grade “A” Hospital 
would have to have some set-up whereby it could train a jmung sur- 
geon for at least three year’s following his first year of interneship. 
Such restriction would unqrrestionably pull down the now 603 listed 
residencies and assistant residencies and would perhaps leave us in 
the Grade “A” group of tliose hospitals suitable for the graduate 
training of the surgeon a mere 10 per cent of the 603 residencies and 
assi.stant residencies listed in the 1937 educational number of the 
Journal of ihc American Medical Association. 

If we consider that the country needs somewhere around 8,000 gen- 
eral surgeons, active, between the years of forty and sixty, and that in 
this group there is a 5 per cent mortality and a 5 per cent retirement 
rate yearly, then we need around 800 new surgeons each year. If all 
are to be qualified by the American Board of Surgery, it means tliat 
800 suitable posts should be available cacli year in hospitals con- 
nected with medical schools. This does not mean that only hospitals 
in close physical relation with medical schools can be considered. It 
would be entirely feasible for those hospitals that are distant from a 
medical school to make some arrangements with a school whereby 
men at a certain point in tlieir period of clinical training could receive 
more experience in the basic medical sciences in the medical school. 

The la.sk of increasing Ihc number of posts wlicre men can be ade- 
quately trained in surgery after graduation from medical school is 
the responsibility of each and every surgeon. Me must all urge the 
establishment of further residencies in surgery and assist in evein 
way to work out a liaison between medical .scbools and hospitals not 
noiv having siieb a connection. Pi-oin the point of view of the care 
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ivlio are not sensitive to tlie projier clemaiicls of tlie j'onng assistant 
for instruction. It may not be presumptuous to suggest that in tlie 
daily contacts of hospital practice the surgeon make the attempt not 
only by precept but also, even more importantli', b.y example, to 
inculcate the idea that no essential mystery resides in the exercise of 
judgment, that implied or actual exjiression can be found of the 
reasons for any act of judgment, and that this hard way is the path 
toward the greatest reward in terms of further development. 

— Edwin P. Lehman, M.D. 

University, Va. 
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able to say only “I am proposmg to carry out this treatment but 1 
cannot tell yon why.’' We insist on the student’s ivriting down his 
opinion and the reasons therefor. It is recognized as good hos])ita! 
piactiee to demand that the surgeon before operation commit himself 
to a diagnosis and give the reasons for operating. 

In spite of this accepted relationship between clear thinking (im- 
plying good judgment) and clear expression, there remains in the 
philosophy of the profession a conception that may be regarded as an 
anomalj’’; namely, the idea of the existence of a somewhat mysterious 
gift, whieh descends upon a man after a number of years of experi- 
ence, called “Judgment,” a faculty so esotei'ic that the reasons for 
its conclusions cannot be expressed in words. It needs no profound 
research in medical literature, particularly that of presidential, com- 
mencement, and memorial addresses, to gain the impression that this 
faculty is the more revered the less articirlate it is. This conception 
even creeps into the clinical literature. One may quote, for example, 
from a recent paper in this Journal.- “It is just hei’e that the surgeon 
of experience can tell that the patient is much sicker than lie appears 
to be. He will not be able to state why he thinks so, if pressed by 
his colleagues.” 

There is no doubt, of course, that articulateness varies between men 
of equal judgment; in some men thought readily is transmuted info 
speech, whereas in others the transmutation is difficult. That fact 
does not negative the principle, however, that the clearer the thought 
the more easily it is expressed. One need not insist that ever.v act 
of judgment be analyzed in the spoken or written word. It seems 
desirable, however, to make the point that inarticulateness is not an 
essential qualit 3 ' of good judgment. One maj'- wonder if the contrary 
idea may not represent a vestigial psjmhologic remnant of the medical 
beard and frock coat, or even of the priesthood age of medicine, when 
mystery was of the essence of practice. 

The matter is of most importance and interest in relation In Ihc 
growth of the jmung medical mind. The contradiction between the 
teaching that clear thinking means clear speech, and the conclusion 
that the acme of medical attainment is necessarily associated with 
inarticulateness, must be obvious to the beginner. The young doctor 
cannot be much censured if this contradiction should lead him to con- 
clude that the former teaching is not of great weight when flic best 
of his ciders can reach their most brilliant conclusions without hemg 
able to tell whv. The temptation is presented to neglect the inter- 
mediate steps that demand the hard discipline of putting reasons into 
words, and to wait inertl.v, but more or le-ss hopefully, for the golden 
moment when the great gift of Judgment will dc.sccnd like a halo. 

Although few hold formal teaching position.s, there is no established 
.surgeon of this present day irho doe.s not teach; and fliej-e are few 
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Tlie method of Berkow,'^'’ 1924, 1931, of estimating the surface 
area of various portions of the body in the study of burns is of great 
practical value, especially in any attempted statistical analysis of re- 
covery percentage. 


SHOCK IN BURNS 

I. Relation to Shock From Other Types of Trauma . — Another in- 
fluence that has affected the study of burns is that gained from the 
study of traumatic shock in general. Burns are but a type of trauma, 
thermal in this instance, and trauma is but a noxious influence which, 
ivhen severe, overtaxes the compensatory and recuperative powers of the 
animal organism, hluch work has been done on the subject of traumatic 
shock in the past ten years. Previously the chief theories as to the 
origin of shock were the nervous and the toxic theories. In 1930 a 
physical theory was introduced and more reeentty the adrenal gland 
has been implicated. 

Important general studies on the subject of shock have been published 
hy Cannon,®^ 1923, in book form and in articles bj^ CatteU,^^’ 1920- 
1923; Cannon and Cattell,®“ 1922; Erlanger and Gasser,®"'^® 1919; 
Erlanger, Gesell, and Gasser,'*® 1919; Porter,'*^ 1919; EukstinaV® 1932; 
Orr,*® 1935; Frazier 1935; Coonse, Poisie, Kobertson, and Aufranc,'*® 
1935; Andrews,'*® 1935; Phemister,^' 1935; Blalock,^® 1930; Parsons and 
Phemister,*® 1930; Mann,®»- 1915-1918; Mann and Essex,®® 1935; 
Seeley, Essex, and Mann,®® 1936; Lambret and Driessens,®'* 1937; 
Moon,®®'®® 1934-1936; and most recently, Rein,®® 1937. It is to be re- 
membered, however, as pointed out by Simonart,®^ 1930, that the prob- 
lem of shock in burns may lie quite separate from that of shock due to 
otlier types of trauma. 

II. Theories as to the Origin of Burn Shock . — 

A. Ncrvoiis and Adrenaline Theory . — A purely nervous theory of 
causation of shock and death in bums is not generally held. This is 
quite contrary to the case with traumatic shock in general where many 
workers support a purely nervous theory. In burns the immediate ef- 
fect of the painful injurj^ may be a syncope or primary type of shock, 
hut usually by the time the physician sees the patient this is over. It 
IS only later that secondary shock develops. 

Consistent with the multiplicity of other theories of causation of 
shock in burns, several separate theories are attached to the adrenals 
alone. Both the medulla and cortex are indicted separately and besides 
several authors, arguing chiefly from necrop.sy evidence, have attributed 
death to the adrenals as a whole. 

In this latter category Bardeen,®® 1898, was one of the earliest experi- 
menters. This author noted no patliologic changes in the adrenals in 
five necropsies. AVeiskotten,®®’ ®* 1917, 1919, on the other hand, found 
udrenal changes in ten necropsies following uncomplicated superficial 
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nnd kidneys as well as other organs causing fatty degeneration. He 
also reported the blood of burned rabbits was toxic when injected into 
other animals. In an extensive monograph Pfeiffer, 1905, in experi- 
ments on guinea pigs and rabbits repoi’ted that deaths in the first two to 
six hours are due to shock, while thereafter they are caused by decom- 
position products of burned protein which he reported he isolated. 

Robertson and Boyd,*"’ 1923, reported very definite results in their 
search for a burn toxin. After producing skin, subcutaneous tissue, and 
muscle burns experimentally, they reported finding a burn toxin that 
was present in whole blood and cells, but not in the serum. Therefore 
it was absorbed on the cells. They reported that alcoholic extracts of 
burned skm would produce symptoms when injected intraperitoneally 
or intravenously into experimental animals, but that tliesc results did 
not follow the injection of similar extracts of normal skin or skin of 
animals burned after death. They reported that blood from burned 
animals injected into guinea pigs produced toxic symptoms and “au- 
topsy findings in the fatal cases were identical with those seen in burned 
animals.” They claimed to have separated a thermostabile neurotoxic 
and a thermolabile necrotoxie element in their toxin, which toxin con- 
sisted of primary and secondary proteoses. Because of the presence of 
this toxin, they advised exsanguination transfusion and concluded: 
"Prom a purely clinical point of view, there seems to be no doubt that 
the burned tissues are responsible for the production of some toxin 
which is taken up by the blood .stream. ’ ’ 

Underhill and Kapsinow,®® 1931, repeated the work of Robei’tson and 
Boyd on the injection of alcoholic extracts of burned skin and reported 
that the control extracts were fully as lethal as the extracts of burned 
skin and the lethal factor in either case was merely the alcohol. They 
correlated the irregular action of the control extracts with the lack of 
a statement in Robertson and Boyd’s papers on the number of controls 
done. Thiderhill and Kapsinow concluded: “Our experience with 
burns lcad.s ns to doubt the existence of a ‘Inirn toxin,’ and to believe 
that the persi.stence of this view'point is an obstruction in the wmy of 
clarification of the burn problem.” 

Underhill, Kapsinow, and Fisk,®" 1930, presented data which showed 
delayed absorption of such substances as strychnine and phenolsul- 
phonephthalein from burned areas. Since there was fluid loss from the 
capillaries, they thought that these absorption experiments showed that 
the increased permeability was in one direction only, namely, from 
the blood into the tissues. Mason, Paxton, and Shoemaker,®’ 1936, per- 
formed experiments somewdiat similar to the preceding ones, only thev 
used a substance of low- molecular wmight for their alisorption tests, 
sodium iocjide. This was excreted in almost identical quantities in the 
urine of burned and control animals after subeufaneons injection, the 
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burns. Greenwald and Eliasberg,“= 1926, and Berko\v,“» 1931, also 
found adrenal changes. Inouye,«- 1933, and Latles;»' Salvioli;®" Hart- 
man, Rose, and Schmidt;'® and Olbryclit'^ also reported work inculcating 
the adrenals. Brooks and Blalock,"- 1934, however, present evidence to 
show that somewhat similar adrenal changes will follow hemorrhage and 
trauma to nmscles, indicating that thej* are not specific to burns. 

Freeman,'^ 1935, and Freeman, Shaw, and Snyder,'^ 1936, and Pi'oe- 
man,"* 1937, have proposed a theory of shock that consists in essentially 
an overexcretion of adrenalin to keep the blood pressure jiear normal 
despite a lowered blood volume. If the blood volume decreases more, 
and tills it tends to do because of capillary exudation with increased 
arteriolar resistance, the increased adrenal output can keeji the blood 
pressure compensated only so long and then it collapses. Thus, this 
theori- proposes that an overproduction of adrenalin is a factor. Saito,'" 
1932, believes, contrariwise, that in burns a deficiency of adrenalin is 
the chief factor and he has prolonged the lives of experimentally burned 
animals by intraperitoneal adrenaline injeetions (average length of life 
of injected burned animals sixty-three hours; of control burned animals, 
twenty-seven liours). Riehl,” 1928, on the other hand, docs not believe 
(bat adrenalin is a factor. 

Other writers have accu.sed (lie cortex as lieing tiic site of injury will) 
resultant bypofunction and death. Swingle, Pfiffner, Vai’.s, Bolt, and 
Parkins,'® 1933; Swingle and Parkins,'*' 1935; and Donahue and Park- 
ins,®® 1935, reported ex]>erimcnts lending to .show a similarity between 
adrenal cortical insufficiency and traumatic shock. Tlie injection of 
“cortin” was said to control the insufficiency and combat the shock. 
This work was immediately supported by Heucr and Andrus,®' 1934, 
and attacked by Freeman,®** 1933, and Britton and Silvelte,®® 1933, 
amidst extensive polemics. Wilson, Rowley, and Gray,®' 1936, have 
taken the practical application of extract of suprarenal cortex from 
this discussion. They used this extract iu three cases of burns, two of 
wliieh they believed would liavc died otherwise. However, they mention 
tliat no sweeping conclusions can be drawn irom this small scric.s. 

B. 7'o.ric Thcorij . — Prom the very start of interest in Inivns, the toxic 
tlieory has been in the forefront as an cxidanation for the cause of shock 
and resultant death. Scores of poi.sons have been indicted, mo.st ottcii 
on an entirely empirical or theoretical basis, and the very numher of 
siispeeted toxic substances is one of the chief evidences against jwsitive 
proof for a toxic basis. On the other hand, ju.st hccaiise some of the 
recent work lias been against a toxic tlieory for death m oilier kinds 
of shock, this ]ia.s no absolute bearing on the subject of Inirns. for they 
represent a separate problem. 

P.nra.scaridolo,®*' .1.004, was ono of the early exjierimeiilal ptopoiieiit.s 
of the toxic theory. In work on rabbits he rei>orfed that donib wa.s ilue 
)o toxic pni.soninv ciiusrr] hy a oireiiln/infr .siilislanee aelimr on Ibc liver 
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in four animals where it was observed one hour after burning and that 
these latter animals recovered. The other animals, four of which died 
under three hours and the remaining four dying from ten to sixty hours 
after the burn, showed hemolj'sis only in the fifteen-minute sample. 
Furthermore, the hemolysis stopped while the blood was still concen- 
trating, all of which tends to prevent one from accepting IsMzawa’s 
postulates. Mural,®® 1933, has studied the effects of injections of heated 
sJcin and gastric mucous membrane extracts, finding the former more 
toxic. Eavdin and Ferguson," 1925, and Davidson,^"® 1925, 1927, favored 
the toxic theory, Davidson’s whole tannic acid therapy was founded 
on the concept of prevention of toxin pi'oduction b.y an absorption from 
injured or autolyzed tissue and was instituted at the suggestion of 
ilason.®^ 

Harkins, Wilson, and Stewart,^*® 1935, presented work that was evi- 
dence against the toxic theory. They made protein-free extracts of 
normal and burned skin of rabbits by means of tricloloracetic acid ex- 
traction. The extracts of normal skin contained a depressor substance 
which was not acetylelioline, adenosine, histamine, or the “P” substance 
of Euler and Gaddum,^®^ 1931. Extracts of rabbits’ skin, to which heat 
had been briefly applied at intervals of from three minutes to 48 hours 
previously', contained an apparently identical depressor substance. Such 
extracts showed no increased depressor activity, but sometimes a diminu- 
tion, -which is probably due to dilution of the depressor content of normal 
skin by edema fluid. Later, Wilson, Jeffrey, Roxburgh, and Steivart,®® 
1937, again used rabbits as the expeiumental animal, but this time they' 
did not use protein-free extracts and this time the extracts did show 
evidence of toxic action. The edema fluid which accumulated in the 
burned area gradually acquired toxic properties and, w'hen collected 
forty-eight hours after burning, it was frequently' lethal to healthy ani- 
mals of the same species. The development of toxicity' ivas independent of 
the action of bacteria and seemed to be related to tlie autoly'sis of injured 
tissue. The toxic principles -were associated mainly with the globulin 
fraction and their action was on the nervous and eircidatory' sy'stems and 
in the production of degeneration of liver cells. This work is further 
discussed by' Eoxburgh,’®® 1936, and in an editorial in the Briiish Med- 
fcalJournalJ°^ 1937. 

Cattrano,^®^* Boyer,’®® Guinard,’®® A^egt and Vaccarezza,’®’ Kozareff,’®® 
and Massabuau, Laux, and Ginestie,’®® 1935, favor the toxic theory'. 
Bernhard,”® 1936, found that extracts of experimentally' burned skin 
were toxic when injected into other animals. From autopsy changes in 
the case of a girl aged four years dydng seventeen days after a third 
degree scald of the left hand 9 by 5 cm. in area, with the observation of 
changes in the heart muscle and kidneys, Brenner,”’ 1936, favored the 
toxic th eory. The size of this burn and death after the time when infec- 

•Possibl}- an error in spelling Catlano.”’ 
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injeoiion hoing made hi t!ie case of tJie burned animals into the skin 
of tlie biU’iied area on tiie abdomen six hours after burning. 

Hanison and Blalock, 1932, performed experiments, the results of 
which opposed the toxic theory. These were repetitions of experiments 
that had been reported by others as favoring the toxic theory. (1) The 
tian.splaiitatiou of burned skin had no effect on the recipient animal. 
(2) The effects of debridement on the survival period of burned dogs: 
the survival averaged seven and one-half hours in the debrided series 
and seventeen and one-half hours in the control dogs. (3) Transfusion 
of blood from burned to normal animals was unthout effect. Blaloek 
and his^ associates,”®-'^® 1931, reported work favoring the loss of 
plasma-like fluid being a potent cause of death following burns (see 
section of physical theory), but Mason and others,®' 1936, quote him as 
saying in 1934; "I believe that deaths which occur from three to ten 
days following severe burns are due in large part to the absorption of 
protein decomposition products.” Straus,®® 1937, working in Karsner’s 
laboratory, was unable to isolate substances in burned guinea pigs which, 
when injected into other animals, %vould act like a toxin. 

Japanese investigators, on the other hand, have practically invariably 
supported the toxic theory. Nagamitu,®^' 1933, 1935, found that blood 
serum or fluid perfused through the burned hind limbs of dogs or rabbits 
when tested on cat’s blood pressure or guinea pig's uterus or intestine 
showed a histamine-like depressor action. However, the action was not 
abolished by histaminase. Shimada,®" 1934, believed that the burn toxin 
is nothing other than histotoxin which can be differentiated from hista- 
mine b.y its action on the toad’s kidney. Miura,®'^ 1934, perfused the 
burned hind legs of rabbits and found a toxin. Inoiiye,®' 1933, has seen 
autopsies of three burned patients with elianges in tiie adrenals. He 
believed the changes in burns are much the same as those caused by 
strychnine, barium chloride, and picrotoxin. He said that Pfeiffer,*® 
1905, attributed these changes in the adrenals (disappearance of lipoid 
bodies, loss of chromaffine affinity, hemorrhage, hyperemia, and focal 
necrosis) to the accompan.ying low blood pressure due to shock. He 
further quoted Kolisko, Hakata, and Niemej-er as postulating that a toxic 
action caused the adrenal changes and that the adrenal injui.) in tuin 
killed the animal. On the other hand, Takeuchi said tliat the adrenal 
changes are only a part of the general picture and not the direct cause 
of death, Inouye, himself, adhered to Takeuchi 's theory but Ijclieycd 
also that the adrenal damage may be one of the factors m the causation 
of death. Ishizawa,®* 1935, from experiments on rabbits, postulated that 
the hemolysis of red cells at the site of the bum gives rise to a toxic 
substance and is the cause of early death in burns. A liemoglobm ( is- 
coloration of the plasma was often found as earfy as fifteen minutes 
after a burn. ■ A study of tJiis paper reveals that sucli a hemoglobin 
discoloration of the plasma was only observed at fifteen minutes except 
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in four animals where it -was observed one hour after burning and that 
these latter animals recovered. The other animals, four of which died 
under three hours and the remaining four dying from ten to sixty hours 
after the hium, showed hemolysis only in the fifteen-minute sample. 
Furthermore, the hemolysis stopped wdiile the blood was still eoncen- 
trating, all of which tends to prevent one from accepting Ishizawa’s 
postulates. Mural,®® 1933, has studied the effects of injections of heated 
skin and gastric mucous membrane extracts, finding the former more 
toxic. Ravdin and Ferguson,'^ 1925, and Davidson,^"® 1925, 1927, favored 
the toxic theory. Davidson’s whole tannic acid therapy was founded 
on the concept of prevention of toxin production by an absorption from 
injured or autolyzed tissue and was instituted at the suggestion of 
Mason.®^ 

Harkins, Wilson, and Stewart,'*" 1935, presented work that was evi- 
dence against the toxic theory. They made protein-free extracts of 
normal and burned skin of rabbits by means of trichloracetic acid ex- 
traction. The extracts of normal slcin contained a depressor substance 
which was not acetylcholine, adenosine, histamine, or the "P” substance 
of Euler and Gaddum,'*' 1931. Extracts of rabbits’ skin, to \vhieh heat 
had been briefly applied at intervals of from three minutes to 48 hours 
previously, contained an apparently identical depi’essor substance. Such 
extracts showed no increased depressor activity, but sometimes a diminu- 
tion, w'hich is probably due to dilution of the depressor content of normal 
skin by edema fluid. Later, Wilson, Jeffrey, Roxburgh, and Stewart,®* 
1937, again used rabbits as the experimental animal, but this time they 
did not use protein-free extracts and this time the extracts did show- 
evidence of toxic action. The edema fluid wdiich accumulated in the 
burned area gradually acquired toxic properties and, -vvhen collected 
forty-eight hours after burning, it ivas frequently lethal to healthy ani- 
mals of the same species. The development of toxicity was independent of 
the action of bacteria and seemed to be related to the autolysis of injured 
tissue. The toxic principles ivere associated mainly -with the globulin 
fraction and their action was on the nervous and circulatory systems and 
in the production of degeneration of liver cells. This work is further 
discussed by Roxburgh,'*® 1936, and in an editorial in the British Med- 
ical Joxirnal;^^^ 1937. 

Cattrano,'*'* Boyer,'** Guinard,'** Vegt and Yaccarezza,'*’ Kozareff,'*® 
and Massabuau, Laux, and Ginestie,'*® 1935, favor the toxic theory. 
Bernhard,"* 1936, found that extracts of experimentally burned skin 
were toxic when injected into other animals. Prom autopsy changes in 
the case of a girl aged four years dying seventeen days after a third 
degree scald of the left hand 9 by 5 cm. in area, with the observation of 
changes in the heart muscle and kidneys, Brenner,"' 1936, favored the 
toxic theory. The size of this burn and death after the time when infec- 
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injection being made in the case of the burned animals into the skin 
of tlie burned area on tlic abdomen six liours after burning. 

Harrison and Blalock, 1932, performed experiments, the results of 
which opposed the toxic theory. These were repetitions of experiments 
that had been reported by others as favoring the toxic theory. (1) The 
tiansplantation of burned skin had no effect on the recipient animal. 
(2) The effects of debridement on the survival period of burned dogs: 
the survival averaged seven and one-half hours in the debrided scries 
and seventeen and one-half hours in the control dogs. (3) Transfusion 
of blood from burned to normal animals was without effect. Blalock 
and .liis assoeiates,^"^-!^^ 1931, reported work favoring the lo.ss of 
plasma-like fluid being a iioleiit can.se of death folloiving burns (see 
section of physical theory), but Mason and others, 1936, quote him as 
saying in 1934: “I believe that deaths which occur from three to ten 
days following severe burns are due in large part to the absorption of 
protein decomposition products.” Straus,**^ 1937, working in Karsner’s 
laboratory, was unable to isolate substances in burned guinea pigs which, 
when injected into other animals, would act like a toxin. 

Japanese investigators, on the other hand, have practically invariably 
supported the toxic theory. Nagamitu,”^* 1933, 1935, found that blood 
serum or fluid perfused through the burned hind limbs of dogs or rabbits 
when tested on cat's blood pressure or guinea pig’s rrterus or intestine 
shorved a liistamine-Iike depressor action. However, the action was not 
abolished bj' histaminase. Shimada,®® 1934, believed that the burn toxin 
is notliing other than histotoxin which can be differentiated from hista- 
mine by its action on the toad’s kidney. Miura,®’’ 1934, perfused the 
burned hind legs of rabbits and found a toxin. Inouye,®' 1933, has seen 
autopsies of three burned patients with changes in the adrenals. He 
believed the changes in burns are much the same as tliose caused by 
stiychnine, barium chloride, and picrotoxin. He said that Pfeiffer,®® 
1905, attributed these changes in the adrenals (disappearance of lipoid 
bodies, loss of chromaffine affinity, hemorrhage, hyperemia, and focal 
necrosis) to the accompanying low blood pressure due to shock. He 
further quoted Kolisko, Nakata, and Niemeyer as postulating tliat a toxic 
action caused the adrenal changes and that the adrenal injury in turn 
killed the animal. On the other hand, Takeuchi said that tlie adrenal 
changes are only a part of the general picture and not the direct cause 
of death. Inouye, himself, adhered to Takeuchi 's theory but beheyed 
also that the adrenal damage may be one of the factors in the eausalion 
of death. Ishizawa,®® 1935, from experiments on rabbits, postuhated that 
the hemolysis of red cells at the site of the burn gives lise to a toxic 
substance and is the cause of earh' death in burns. A hemoglobin is 
coloration of the plasma, was often found as early as fifteen minutes 
after a burn. A study of this paper reveals tliat such a hemoglobin 
discoloration of the plasma was only ob.scrved at fifteen minutes except 
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said to rest upon adequate experimental ■work at present. ’ ’ Simonart,”^ 
1930, also found no evidence for a toxic action. Lesser, 1880, attributed 
the toxic action of burns to a functional impairment of the red cells 
that pass through the burned area making them foreign to the organism 
and giving rise to anemia in the functional sense. 

A session of the 1937 French Surgical Congi-ess (held in Paris in 
October) was devoted to the subject of burns.^^® Pierre Duval (cited 
also by Rudler,“’’ 1935) gave a report favorable to the toxic theory. He 
believes that autolyzing tissue at the site of the burn acts as a toxin. 
He reported that in animals it ■was found that repeated burns conferred 
a state of sensitization, ■which in turn confers a certain immunity or 
resistance toward burns. Mourge-Molines advocated silver nitrate-tannic 
acid treatment to combat the toxemia and in the discussion McClure, 
of Detroit, spoke in behalf of tannic acid. Eiehl, of Vienna, advocated 
blood transfusion, tannic acid, and, in many cases, saline baths. Wilson, 
of Edinburgh, advocated 20 per cent tannic acid, gentian violet, and 
acriflavine to combat infection and adrenal extracts to combat toxemia. 
Seemen, of Munich, advised electrocoagulation of the burned surfaces. 
Donati, of Milan, endorsed the methods which aimed to prevent dehy- 
dration and intoxication. Leriche, of Strasbourg, found that tannic 
acid treatment did not prevent humoral changes, and he uses mercuro- 
chrome in children and in infected burns. After the first few days of 
a bum, Piollet and Limousin, of Clermont-Ferrand, use cod liver oil 
dressings. The keynote of the entire meeting was in harmony with the 
toxic theoiy. Rudler,^*' 1935, was one of the first to use tannic acid in 
Prance. 

The experiments of Rosenthal,*^®’ 1937, are one of the most recent 
units in the evidence for the toxic theorj^ If these can be confirmed, 
they certainly represent strong reasons for adopting this idea. Rosen- 
thal found a substance that caused contraction of the virgin guinea pig 
uterus in the blood of burned shoats, adult pigs [sic] , guinea pigs, and 
human beings. This substance was at first linked with the red blood 
corpuscles, but it wms later found in the serum. It differed from hista- 
luine in several ways. The sera of shoats, pigs, and human beings that 
■'vere burned were tested in the healing stage and found to neutralize 
histamine and “burn toxin” as tested on the guinea pig uterus. How- 
ever, normal serum has this action to some extent. No controls using 
blood concentrated by some other means than by burning alone were 
used in these experiments. 

C. Bacterial Theory. — Aldrich, 1933, at the suggestion of Firor, 
aroused interest in this theory and to combat bacterial action gentian 
violet was introduced as a method of treatment. For the first twelve 
hours, the bum areas were found to be sterile. After this period, it 
was found that in 100 per cent of the severely burned patients and in 
a large majority of tlie minor burns the beta-hemolytic or gamma strep- 
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lion had taken place might indicate that death in Brenner's case was due 
1o infection I'atlier than autolytie toxins. It is to he pointed out that 
one definition of a ))nrji is "an infected wound produced hy lieal." 
tkitiano,”' ISS2, helicved (iial wlicn ainmonium formate, derived from 
the sweat, was Iieated in tlie ])rocess of burning skin, it lost water and 
became IICN, tiie cause of the toxic action of burns. 

Bar.soum and Gaddum,”-’’ 1936, reported a rise in blood histamine in 
burned patients reaching a ])cak of five times normal .seven days after 
the burn. The.v stated, however; “The relation of this ri.se in blood 
histamine to secondary shock is uncertain. There was no clear evidence 
of any correlation between the blood histamine and the clinical condition 
of the ])atient." The rise was po.ssibly due to interference with the func- 
tion of the kidneys or other histamine-exereting mechanism.s. The ri.so 
occurred later tha?i the time of secondary shock, but the writeis aft ributed 
this to the fact that the ])aticnts were Egyptian! 

Pender, 1933, gave an excellent review of much of the earliei' work 
favoring the toxic theory, listed seventeen toxins proposed hy thhiy-i'onr 
different worker's, and showed that many of tlieir experiments are open 
to question (see Table I). Merely because there is confusion as to the 
name of the toxin is of coui’se not evidence against its presence. Pender 
found changes in the spleen and lymph glands of burned rabbits, but 
he concluded: "The theory of causation of death by a toxin cannot bo 
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Partial List of Toxins Postulated as the Cause of Borxs* 


NO. TOXIN 

1. Ammojiia 

2. Ammonia or urea 

3. Fibrin ferment 

i. Urea 

5. Hydroeyanie acid 

6. Ptomaine 

7. Pyridine base 

8. Hemolysins and liemoaggbitinins 

9. Clioline-Iike substance 

10. Methyl guanidine 

11. Dianiino acids 

12. Primary and secondary proteoses 

13. Peptone 

14. Inorganic intr.'iceliuiar material 

15. Unspecified protein cienrage 

products 


16. Unspecified to.xin 


17. Potassium salts 

IS. Toxalbuiain 

19. Anaphyla.xis 

20. Abrin an d ricia-liko toxin 
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during the first twenty-four to forty-eight hours, which is the time 
when shock with blood coneeutration and Imv blood pressure, low cardiac 
output, and low blood volume occur. Death from true secondary shock 
usually occurs in the first daj’- after the burn, which is earlier than 
infection becomes active. 

D. Fhiid Loss {Physical) Theory. — Undei’hill and his assoeiates,^'®'^®^ 
1923-1930, were the first to draw attention to the extensive local loss of 
fluid in burns. Previously (vide infra) the blood concentration result- 
ing from such fluid loss had been noted. Underhill and his associates 
produced experimental burns and found that the edema at the site 
of the burn reached a maximum at the end of twenty-four hours and 
was reabsorbed in five to six days. Chemical a.nal 3 'sis of this edema 
fluid showed it to be eloselj^ similar to blood plasma. Undei’hill measured 
tlie amount of this edema fluid bj' squeezing it out of the sogg.y tissues 
and found it to be equal in some instances to 70 per cent of the total 
blood volume.^®^ Loss of such fluid is of much more serious consequence 
than loss of an equal amount of mere wateiy transudate. As the writer 
has pointed out, a person can urinate three liters a daj^ but can hardly 
part with a similar volume of blood in the same time. 

Blalock,^®® 1931, detei’mined the amount of fluid lost into the tissues 
by burning one side of the animal and then bisecting the animal and 
comparing the weight of the two sides. In a series of burned dogs the 
edema fluid averaged 3.34 per cent of the body weight (about one-half 
of the plasma volume). In plasmapheresis experiments Blalock found 
that 3.5 per cent of the body weight of plasma removed would kill the 
animals. The edema fluid in Blalock’s experiments was similar to 
plasma as shown by Beard and Blalock,^®'* 1931, and hence in the burned 
animals enough plasma was lost to kill them alone without invoking the 
action of aiy toxin at all, although the author makes no such sweeping 
conclusion. Johnson and Blalock,*®® 1931, next showed that the cardiac 
output was markedlj' decreased following burns. 

The author,*®*’ *®* 1934-1935, performed experiments confirming Bla- 
lock’s data when unilaterally burned animals were bisected. Further- 
more he placed the burned animals on a tipping apparatus so that as the 
burned side grew heavier a kj-mographie tracing measured the iveight 
•shift. This furnished a graphic method of recording the local accumula- 
tion of fluid in experimental Inmis. The accumulation began at the 
time of the liurn and continued in the form of a decelerating curve until 
death. Accompanjdng the collection of fluid was a simultaneous increase 
in the percentage of hemoglobin and in the hematocrit readings. After 
most of the fluid had accumulated, the fall in blood pressure set in and 
continued rapidly until death occurred in a state of secondary shock. 
Tlie author,*®®’ *®'’ 1934, 1935, also showed that the bleeding volume of 
Inirncd animals is markedly decreased. It is interesting in this con- 
nection tliat histamine does not appreciably lower the bleeding volume 



43S 


SUKGERi' 


toeoeeus coiiM be grown from repeated cultures. Tlie concentration of 
these organisms increased witli tlie obvious signs of sepsis and the be- 
ginning of the toxicity of the patient, until after forty-eight to fifty-six 
Jiours pure culture.s of the streptococcus could be obtained, having out- 
grown all tlie otJier organisms. Coincidentally, the charaetoristie bad 
effects of the burn were shown by the patient. 

Clark and Cruicksliank/^^ 1935, believed that infection of burns, par- 
ticularly by Streptococcus hcmolytimis, is common even with tannic acid 
and is responsible for the fever and toxemia during the first four or 
five da3'S of the illness. Therefore, they added 20 per cent dettol to 
the tannic acid and even suggested the administration of scarlet fever 
antiserum. Cruiekshank,’-" 1935, reported detailed bacteriologic studies 
of burns. He believed that the liigh incidence of infection bj'- this organ- 
ism is probably favored bj'- the congregation of patients in wards, as he 
discovered hemoljdic streptococci in the throats of patients more fre- 
quently during their first week in the hospital than at the time of their 
admission; these bacteria were numerous in the atmosphere and dust of 
the wards in which the burns were treated. 

Marsh,”^ 1935, was an earnest and quite radical supporter of the 
bacterial theory, and, without showing in his paper that burns are 
affected b.v staphjdococcal infection, went on to advise empirically that 
“every ease of severe burn should receive intravenously’ at the earliest 
possible momerrt, an injection of staph.ylococcal antitoxin amounting, for 
an adult of normal size, to at least 5000 international xmits. . . . People 
eonstantlj’" exposed to the risk of severe burns, by rratrrre of their employ- 
ment, coirld be treated propiijdactieally with a course of staphjdoeoecal 
toxoid injections.” 

The writer,^^^ 1936, reported that in a series of burns the only two 
fatal cases within the first three weeks resulted from sepsis. The first 
of these was a male, aged forty-four years, with second degree burns 
of the left leg, face, neck, thorax, and arms; third degi’ee burns of 
hands and forearms, following a gasoline e.xplosion. Blood concentration 
with hemoglobin, 140 per cent, and red count, 7,200,000, was noted 
twenty-four hours later. On the seventh day p.yarthrosis of the loft 
knee due to Streptococcus liemolyticus with a fever of 106.6° P. and 
death were noted. The second ease, a child of four jmars of age, died 
eleven daj^s after a second and third degree scald of the thighs, legs, 
buttocks, arms, onc-half of the back, and almost the entire trunk an- 
teriorly. The patient developed a peritonsillar abscess and thrombosis 
of the veins of the right arm with a fever over 104° P. each of the 
last six day’s of life and at necropsy a tj^pical Curling's ulcer was foun . 
These cases demonstrate that not only many of the to.xic manifestations 
pi-esent after the first few days but also some of the complications ol 
burns may be explained on the basis of a septicemia, although this is not 
conclusively' prov ’. Howovei-, these cases do not have marked infection 
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tliese men might well he applied to hums to prevent possible harm to 
patients before the treatment of burn shock by injection of ci-ystalloidal 
solutions is finally accepted. Certainly, until the matter is finally settled, 
if blood is available, blood should be given. Furthermore, even though 
tlie recipient’s blood is concentrated already, the donor’s blood is rela- 
tivelj’^ dilute by comparison, so that the often cited objection to blood 
transfusion in the presence of blood eoncenti-ation is not entirel}* valid. 
The use of saline and other crystalloid solutions should be undertaken with 
the full understanding that thej’^ may not onlj’’ run right through the in- 
jured capillary walls but may carry valuable blood constituents with 
them, leaving the blood more concentrated in red cells and lower in 
plasma-volume than before. Working under other ideas, Gunn and 
Hillsman,’^'^ 1935, advise giving 5,000 e.e. of saline solution intravenously 
immediately in severe burns. 

LOCAL TREATMENT OP BURNS 

I. Tannic acid . — Chief credit for the introduction of tannic acid as a 
general^ used therapy of burns should go to Davidson,^'® 1925-1927. 
Previous to this time tea had been iised empirically bj^ the Chinese (5,000 
B.c.) and in the form of ink bj”^ the Jews and Filipinos. The older inks 
often contained more tannic and gallic acids than do the modern inks. 
McClure and Allen,^’’® 1935, quote an article in the Pittsburgh Medical 
Revww^^^ of 1890 on the use of 5 per cent solution of tannic acid in 
burns. 

The tannic acid treatment has been used extensively in this country 
by Fantus,^=« 1934; Penberthy,’=®> 1934-1935; Christopher,^" 1930; 
Mason,^®^ 1933; Bancroft and Rogers,^'®’ 1926-1928; Beck and Pow- 
ers,^®® 1926; Beelonan,^®®- 1928-1929; Glover,"®® 1932; Walsh,"®® 1935; 
Seeger,""®- """ 1932; Me Elroy,""® 1936; Wolfer,""® 1936; Harkins,"®" 1936; 
Stanley-Brown,""® 1935; and others. It has been used considerablj'' in 
most of the European countries except Fi'ance where Rudler,""" 1935, is 
one of its supporters. Salzer,""® 1928, of Vienna, reports good results 
following its use, while in Great Britain tire treatment has been used 
especially by WUson,""-®® 1928-1937, and Mitehiner,""® 1933. 

Several aspects of the tannic acid treatment have been somewhat modi- 
fied by recent reports. Seeger,""® 1932, has shown the advisability of 
buffering the tannic acid solutions udth sodium cai’bonate. Hartman 
and Schelling'"" also have studied the effect of pH on tannic acid. As 
done by Fantus at the Cook County Hospital in Chicago, buffering con- 
sists in using 7.95 gm. of anhydrous sodium carbonate to each 50 gm. of 
tannic acid that is used in preparing a 5 per cent solution. The use of 
a spray to apply the tannic acid instead of compresses as originally used 
by Davidson is now common practice except in the vicinity of the eyes. 
Various antiseptics have been added to the tannic acid to make it more 
bactericidal, hlost authoi-s believe that once pus lias formed beneath 
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under similar experimental conditions wlien it has lowered the blood 
pressure to a slioek level. Sehievers/^<> 1936, has shown that the blood 
volume is reduced by as much as 50 per cent in experimental burns. He 
attributed this partly to destruction of red cells but mainly to transuda- 
tion of plasma. This work fits in with that of the writer on bleeding 
volume and along with that of Simonart,^” 1928, is one of the bases 
for Schieveis’ support of the physieal theory. 

Lambret, Driessens, and CorniIlot,»=- 1937, and Lambret and 
Dviessens,-"’^ 1937, also have shomi that there is a marked blood concen- 
tration and blood volume decrease in experimental burns. These authors 
base their treatment of burn shock on replenishing the lost plasma. 

Me Iver,”-* 1983, presented some evidence that may be taken to sup- 
port the physical theory. He showed that in human patients the blister 
fluid was similar to blood plasma and that the hemoglobin and hemato- 
crit readings were markedly increased in such patients. 

Gnun and Hillsman,“" 1935, give credit to several theories in a 
gi'aphic sequential representation of events following a bum. Mitch- 
iner,^'*” 1933, also gives some credence to the fluid theory. 

Weiner, Eowlette, and Elman, 1936, reported marked blood con- 
centration with most red counts above six million, two being over eight 
million in forty burned patients. They pointed out that the low 
plasma protein, due in this instance to plasma loss, is quite different 
from that in dehydration from diarrhea or vomiting where tlie plasma 
protein is elevated, being in some instances over 10 gm. per 100 c.c. 
In this connection 11001x^0,“® 1936, pointed out that very little of the 
fluid lost in burns is due to evaporation, the slight increase being duo 
to increased surface temperature. 

III. Treatment of Shock.— The treatment of bum shock advocated by 
most workers is similar to that used to combat other types of .shock. 
Fluids, warmth, stimulants, and sedatives arc advised. Blood trans- 
fusion is especially advocated as by Riehl,"'’’ 1932, 1933. Since the 
blood is concentrated in burns, the possibility of giving intravenous 
plasma rather than whole blood is to be considered. This procedure i.s 
not o-enerally adopted, but it is used by Lambret and Driessens, 1937, 
and by Weiner, Eowlette and Elman,"^ 1936. Wilson,'^ 1935, has used 
gum aeacia. 

Several writers have reported that large quantities of intravenous 
saline or Ringer’s solution alone may be harmful in ea.ses of traumatic 
shock. Davis,'-’' 1937, reported such a finding in c.xperimental animals. 
Beard and Blalock,'^ 1932, reported this to be tme in intestinal tranma. 

If a crystalloid solution is injected, it carries more protein out of the 
blood stream than would have been lost were the animal left stIlct^ 
alone. Blaloek, Beard, and Thuss,'=* 1932; Beard, Wilson, Weinstein, 
and Blaloek, 1932; and Blaloek and Beard,'” 1932, have reported a 
similar finding in other typos of trannintic shock. The observations of 
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per cent and in another fonr-j'ear period from 1924 to 1928 the mortality 
dropped to 6.6 per cent even though tannic acid was not yet introduced. 

Most of the recently devised methods of burn therapy have been off- 
shoots of the tannic acid precipitant method. Aside from the use of 
buffers mentioned above, considerable discussion has centered around 
the strength of solution to be used. Davidson originally introduced a 
2.5 per cent solution; later most American clinics used 5 per cent, while 
in England, AVilson,^® 1936, advocated a 20 per cent solution. Others 
have used various antiseptics with the tannic acid solution. hlitchiner,^®° 
1933, advocated the use of 1-2000 mercuric chloride to make up the 
tannic acid solution. Wilson,^" 1935, used 1-100 aeriflavine and Clark 
and Cruiekshank,^-’^ 1935, used 20 per cent dettoi. Hartman and 
Schelling,^'^ 1935, have studied the use of amyl tricresol in combination 
with tannic acid in vitro. 

At the present time, as brought out in the discussion of Penberthy’s 
recent article,^®^ tannic acid spray is used at the Childi'en’s Hospital in 
Boston, tannic acid compresses at the Presbyterian Hospital in New 
York, and tannic acid baths at the Massachusetts General Hospital. 
Gentian violet is used at the Jolms Hopkins Hospital and the New Haven 
Hospital. To these data it is to be added that tannic acid is used in 
St. Lulces Hospital, Chicago; Heniy Ford Hospital, Detroit; Children’s 
Hospital, Detroit; and in conjunction with silver nitrate at Children’s 
Memorial Hospital, Chicago. 

II. Tannic Acid and Silver Nitrate . — This modification of the tannic 
acid method was introduced by Bettman,’®® 1935, with the idea of 
hastening the tanning process. After application of 5 per cent tannic 
acid solution, “the entire area is sponged over with a 10 per cent solution 
of silver nitrate. The burned tissues become black almost immediately. 
All oozing and leakj’- areas are sealed at once and the patient is encased 
in an impervious antiseptic dressing that has formed m seconds instead 
of hours.” Bettman reported on the further use of his method^®* in 
1937; and it was adapted in New Zealand by Cotter and Kimbell,^®® 

1935, and in England by Mitchiner,^®® 1936. In Sweden Kissmej’er,^®" 

1936, used it in the form of an ointment on burns that are not severe 
enougli to enter the hospital: 

B Ag NO3 0.25 

H.O 25.00 

Olive oil 25.00 

Wool fat 50.00 

In a recent report Glover, 1937, adapted the combined treatment 
instead of tannic acid alone such as he previously used.^®® With tlie silver 
nitrate, ho now uses 10 per cent tannic acid. *He states tliat with this 
combination coagidation is usually produced within thirty minutes and 
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tlie tannic escliar it should be evacuated and the elevated eschar cut 
away. Martinez,^" 1933, of Li^'crpool, stands alone in adhering' to the 
theory of laudable pus and advising that the crusts with infection be- 
neath not be removed. 

Tajdor,^'®' 1936, brought xip an important objection to the use 
of tannic acid. This author showed b.y microscopic sections that in many 
cases of so-called third degree bxirns there are remnants of viable deep- 
lying hair follicles and sebaceous glands. These cells may provide a 
focus for new gi’owth of healthy skin. Taylor further sliowed that these 
very cells may be killed by the tanning process and advised that the 
treatment be used only in cas&s of life and death. This is only one of 
the objections to tannic acid, others being that its eschar is stiff and 
either prevents motion around joints or, if allowing it, cracks; that it 
is not bactericidal to any great degree (see section below on gentian 
violet) ; that it ma3^ delay skin grafting (see section below on saline 
soaks) ; that it cannot be used around the eyes; and that its rigid eschar 
maj" cut off the circiilation to the fingers, etc. 

Despite these objections, it has a wide use in reducing the mortality 
of severe burns, whether it does this bj" reducing the loss of plasma 
or by preventing the absorption of toxic products. Table II (enlarged 


Tabi,e II 

Eeported Eeduction in Mortality Following Intropuction of Tannic Acid 

Therapy op Borns 



1 OTHER METHODS 

) TANNIC ACID 

AUTHOR 

NUMBER 

OP 

PATIENTS 

mortality 

% 

NUMBER 

OF 

PATIENTS 

mortality 

% 

Bancroft and Eogers (N. Y.) 

90 

40.0 

114 

20.0 

Beekman (N. Y.) i 

320 

37.8 

114 

14.9 

IVilson (Edinburgh) 

300 : 

iiS.V 

117 ; 

11.1 

13.3 

12,0 

7.7 

o 4 

Mason (Philadelphia) 

91 

28.5 

2G.G 

1G.3 

9.4 

9.3 

14.0 

40.0 

87 

Harris (Toronto) ' 

Langer (Vienna) 

SO 

Go 

249 

358 

55G 

Mitchiuer (London) 

213 

1 1 7 

McClure and Allen (Hetroit) 

Glover (Cleveland) 

Hempel- Jorgensen 

llS 

121 

10.2 

11.0 


from Glover,’®- 1937) shows the reduction of mortality effected by tlie 
introduction’ of tamiic acid in several clinics. It is to be remembered, 
however, that burns differ in degi-ee and that with improving pub ic 
health standards more smaller burns may be hospitalized than former j 
Also, the general hygienic care and the treatment of sliock with bloo 
transfusion, saline infusions, etc., may be more adequate than 
McClure and Allen,’“ 1935, reported no decrease in mortalilj. Hi 
iner,’^« 1933, reported tfiat tlie mortality may decrease from otficr ica- 
sons than tannic acid treatment, sncli as betfor hygienic care. ^ He stated 
tliat in tlie London Hospital the mortality from 1S99 to 1903 was 
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have the added advantage of being antiseptic in their action. These 
methods -will be listed separate!}’- below. 

1. Gentian Violet (Methyl Eosanaline ). — This method was introduced 
by Aldrichd-“ 1933, at the suggestion of Piror. A 1 per cent solution 
is used as a spray in a manner identical to tannic acid. The method 
has since been used by De Hart,^®' 1936, and others. An objection to the 
gentian violet is that it discolors everything with Avhich it comes in con- 
tact. Churchman and Herz,“® 1913, showed that gentian violet was not 
very toxic. Certain rabbits were well, despite the fact that gentian violet 
in a concentration of 1-2500 was circulating in their blood stream. The 
dye disappeared from the blood promptly and stained the mucous mem- 
branes among other tissues. 

2. Brilliant Green. — Koritkin-Nowikow,^®®’ 1934, 1936, treated a 

series of 215 patients with a 1 per cent solution of brilliant green, 139 
of which Avere second degree burns and 76 third degree. Of these nine, 
or 4.02 per cent, died. 

3. Brilliant Green Plm AcrivioUt. — Aldrich,®®^ 1937, reports that this 
combination is preferable to gentian violet. He states that gentian violet 
is active in combating gram-positive oi-ganisms, e.g., Streptococcus 
liemoly ficus, but that it is ineffective against the gram-negative organ- 
isms. The acrii’iolet used in the present method is a loose chemical com- 
bination between acriflavine and crystal violet and the new treatment 
provides the strongest antiseptic against the gram-positive organisms 
that Avill not injure living tissues and also has a high specificity against 
the gram-negative organisms. In broth cultures it is bacteriostatic in a 
concentration of 1-1 million against gram-positive organisms and in a 
concentration of 1-10,000 against gram-negative organisms. Referring 
to the gentian violet treatment itself, Aldrich states that in the Hvo 
years following the introduction of this mode of burn therapy into the 
Johns Hopkins Hospital the mortality dropped from 42 to 13 per cent. 
Continuing with regard to the new dye combination, Aldrich says: 
'■'While the new dye is as superior to gentian violet as gentian violet is 
to tannic acid. I do not believe that it is the final answer to all the prob- 
lems presented by a burned patient. I am certain, however, that the 
<'onccp1ion of a burn as an infected surgical lesion is correct, and that 
if is infection rather than absorption of a split protein which causes 
deatli in burns. For, let me add again, where there is no infection, there 
is no toxemia.'’ 

4. Acriflavine . — This substance is used by Robertson,®®® 1933, in a 
1-SOO solution and by Hummery,®*® 1933, in a 1-1000 emulsion in medic- 
inal paraffine. 

5. Mrrcurochninu . — Tliis substance was used by Sorrel, Guiehard. and 
Gigon,®'« 193-5. and by Turner .®« 1935. The latter author states that 
fannie acid is bad because : (a) the coagulum is not transparent so tliat 
pus can form beneath without being seen, resulting in destruction of 
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tliat the speed of coagulation is veiy important from the standpoint of 
comfort and prevention of absorption. 

III. Saline Soaks.~BMv and Brown, 1931, and Blair, Brown, and 
Hamm,^®° 1932, have brougiit attention to the use of saline soaks rather 
Ilian any cliemical or precipitant treatment of burns. They point out 
that comiilete fixation retards the natural sloughing off of the dead 
tissues and thus delays the opportunity for surgical repair, and that 
caring for these wounds without resorting to tanning may require pains- 
taking extra work, but it will be necessary for a shorter time and will 
win more worthwhile results. Plain water, physiologic solution of 
sodium chloride, or a mild antiseptic may be used, but a hypertonic salt 
solution seems to have special virtues. The soaking is usuallj' done in 
a bathtub and the authors state that by its use most burned areas can 
be made sufficientlv clean and tlie granulations sufifieiently firm for graft- 
ing within from three to five weeks. Crile,’"'' 1936, also uses the saline 
soak metliod. The excellent results from the standpoint of the eventual 
plastic result achieved by these men would suggest that it be used much 
more extensively and that it replace tannic acid in many instances. 
However, as tlie author'^* has pointed out, there are certainly some severe 
burns in which the immediate survival of the patient is of more immi- 
nent importance than the perfection of the ultimate plastic result, and 
in these instances, whether its action be by precipitating toxins or by 
preventing fluid loss, a tanning treatment does seem to reduce the im- 
mediate mortality. Furthermore, hypotonic soaks may be dangerous. 

lY. Other Methods of Bnrn Treatment . — Some of these are modifica- 
tions of the tanning method and others are not. The former will be 
considered first. 

A. Cutch Extraet.—Seeger,^^^ 1935, advises a 5 per cent solution of 
Cutch extract which contains 60 per cent tannin and is less expensive 
than tannic acid. This author slates in the same article that tannic 
acid (or Cutch extract) reduces pain, but “we have noted no reduction 
in mortalitv attributable to its use.” 

B. Taktocut.—The Jiigers,”-’-’®" 1936, 1937, use taktoeut, a somewhat . 
similar tanning agent. In tlieir liands this method has produced good 
healing without infection. 

C. Ferric Chloride . — This method was used by Henry R. Slack,’ ■' 
1915, of Lagrange, Ga., for a number of years, but it was never pub- 
lished by him. Slack found that when applying the tincture wilh ap- 
plicators to the burned area, at first the alcohol caused more pain, Inil, 
as soon as the astringent effect occurred, the pain ceased. The 

tion was repeated on return of the pain. The method vas pu i i-s icc 
independently by Coan,*'"’ in 1935 and now has some vogue. Goan uses 
the tincture or a 5 per cent solution. 

D. Gentian Violet and Other Antiseptics . — These usually give an 
eschar that is more pliable than that produced by tannic acid and they 
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1936) and the experimental work of Harrison and Blalock,®^ 
1932, who showed that burned animals are more likely to die if debride- 
ment is performed. 

I. Ultraviolet Light. — Trusleiv^^ 1935, believes that ultraviolet light 
prepares the granulations for skin grafting and uses the light as an ad- 
junct to other treatment. 

J. Picric Acid. — Because of its poisonous properties, this is not used 
in the treatment of extensive bums at present, being entirely supplanted 
by tannic acid. However, in the form of an ointment, such as butesin 
picrate, it can be used to advantage on small burns. Christopher,-"^ 
1928, advises its use in such cases. 

K. Other Methods. — In a .study of the method of treatment of 752 
cases of burns, 'VVillems and Kuhn,"^^ 1936, listed forty-seven different 
methods. Of these, forty have not been listed elsewhere in the present 
paper. Since these burns occurred from 1932 to 1934, the 5 ’- represent a 
diversity of method of recent times. This very diversity may mear 
either that no one treatment is suitable to all cases, that the ideal method 
has not yet been found, or that the general medical practitioner is not 
yet informed of the best methods. A few of the various treatments 
listed by 'Willems and Kuhn include unguentine (44 cases), antipju’exol 
(35 cases), boric ointment (25 cases), picric acid (18 cases), zinc oxide 
ointment (18 cases), earofax (4 cases), onol (3 cases), ambrine (3 
cases) ,* etc. It is quite possible that many of these were minor burns. 

L. Horse Serum. — Introduced by Robinson,^^^ 1917, and used more 
recently by Monteith and Clock,®^® 1929. 


PATHOLOGY 


I. Local and General Changes. — Inouye,'^ 1933; Pritz,"^” 1934; 
Dohrn,^®“ 1901; Weimann,^^^ 1927; and Schridde and Beekmann,“^“ 1924, 
present data on pathologic findings. Bancroft’s article,® 1937, in Nel- 
son’s New Loose-Leaf Surgery is a comprehensive review with illustra- 
tions. Hirota,®®® 1934, burned the hind legs of fifty-seven rabbits and 
made necropsy studies. He observed nuclear changes in the adrenals 
and alterations in the liver and kidneys. An extensive review of 
pathologic changes is given by Pack,®®^ 1926, and some of the chemica’. 
aspects are discussed by Wells,®®® 1918. 


II. Blood Chemistry Changes Produced hy B^^rns. — According to the 
physical theory of production of shock in burns, the minor qualitative 
changes in the various blood constituents are of less importance than is 
tlie quantitative reduction in the amount of blood as a whole. This is 
said to be caused by a loss of plasma, and the fact that albumin may be 


•The ambrino treatment introduced during 


mentioned by ’UMllems and’lCuhn.=^“l936"‘as^beinff*'us^el^in°Thrnp*^n?°fH^?^^^*ii 

ISIS, in Oxford Sifter" . Ambrine patently 


paraOln preparation. 



446 


SURGERY 


sk»i jslauds; (b) the sidu bed is damaged; and (c) it is unstable. He 
ijuds that the use of a 2 per cent solution of mereuroclirome overcomes 
tliese difficulties. 

6 . Silver Nitrate Plus Gentian Yiolcf.—Jnsl as tannic acid was sup- 
plemented by silver uiti-ate, so Branchy'"’ 1935, uses the latter ivith 
gentian violet. In a series of eighteen cases he says that his method 
does away with several of the disadvantages of tannic acid, namel.r, too 
tough eschar, prevention of movement, lack of prevention of infection 
and killing of skin islands when the tougJi eschar is removed surgically. 

7. Bicliloramin-T. — This antiseptic has been in use longer than gentian 
violet and is usually administered in conjunction with paj-affined gauze, 
such as by Lee,=‘'’- =«» 1920, 1923, and by Eavdin and Ferguson,' 1925. 

Methods independent of the tanning principle include: 

A. Cod Liver Oil. — This method was introduced by Lohr,'"’“ 1934, and 
used by Holmes,^’® 1937; Steel,=’» 1935; Stcvenson,=’= 1935; and 
Chevallier, Carcassonne, and Luecioni,'’® 1937 . The cod liver oil is ap- 
plied in the form of a wet dressing and is supposed to be n)ildl.y haeterio- 
statie and stimulating to the groAvth of new epithelium. 

B. Initial Cold Water Treatment. — This method is used in Seattle 

by Rose,'^^> 1936, 1937, who has cut his mortality in half by its use. 

The patient is placed in a bath of Avater at 70° P. on admission and over 
a period of three hours this is heated gradually to 0S° F., following 
AA'hich the patient is treated in the routine manjjer with either tannic 
acid-silver nitrate or ferric chloride. Greeley, 1936, states that in 
scalds, if cold water is thrown on inunediately, the scald may not pene- 
trate so deeply. It is to be remembered, however, that the cold water 
treatment is in opposition to the generally recognized mode of dealing 
with shock in severely burned patients and aside from its temperaiuro, 
its hypotonic effect on a raw oozing surface may be dangerous. 

C. Paraffined Gauge.— Used by Sherman,'’ 191S; Paravacini,'”'’ 1928; 
Lee,=<>n =os yggo, 1923; and others. 

D. Yiscopaste Bandage. — ^Robb,-'’ 1935. 

E. A mixture of dextrose, Icvidosc, and sucrose has been used by Dc 
Whalley,”’® 1935. 

P. Camphorated Oil— hie Inturff,-'^ 1936. 

G. Amffi Salicffiate.—StewarW'O 1937, has used amyl salicylate for 
minor burns where toxemia and shock are not factors. Since the sub- 
stance has no bactericidal qualities, it is mixed with an antiseptic, such 
as “abrieide” (a mixture of isomeric substituted phenols). Amyi 
salicylate can be used on infected burns and is preferable to other salicjl 
esters, although its bad smell is a definite disadvantage. 

H. Debridement . — TJiis metJiod has been used by Ravdin and Fergu- 
son,'’ 1925; Lawen,"'’ 1936; and Arzt,— 1935. Opposed to this method 
are the ideas of tho.se who heliove that skin islands may he loft (Tay- 
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nonprotein nitrogen and liypociiloi'emia, but tbeir results are not open 
to the criticism that blood concentration changes alone may account for 
their alterations as their protein analyses Avere done on plasma and cells 
Avith reduction in both instances. Douglas, “ 1934, cites blood chemical 
changes folloAvlng burns. 

Slattina,”^® 1935, reports an increase in the concentration of tlie blood 
magnesium of six rabbits burned by thermocautery, boiling Avater, or 
paraffin. The increase began tAA’enty-four hours folloAving the burn, 
reached its maximum in ten daj's and returned to normal in forty daj's. 
Fazekas and Bacsich,^^® 1934, report an increase in lipoid bodies in the 
blood leucocAdes beginning in fiA’e hoiu’s, reaehing a maximum in tAventy- 
four to tAventy-eight hours, and returning to normal after five to six days 
or longer. In fatal cases these bodies increase up to tAA'enty-four hours 
and an hour before death may suddenly drop to beloAV normal in number. 
Slocum and Lightbody,-''" 1931, reported that in both normal and ad- 
renaleetomized rabbits the sugar and lactic acid concentration of the 
blood is increased folloAving burns. Since the adrenalectomized rabbits 
also shoAA'ed the rise, this is interpreted as indicating that adrenal hyper- 
function is not a factor. Vaix der Hulst,^°^ 1937, reported a decrease 
in the rapidity of sedimentation of red cells during tlic first tAventy-four 
iioui’s Avitli marked increase thereafter. Tlicse changes Avere not due to 
infection or blood concentration. Fasal,-^- 1937, found a shift to the 
left and toxic granules in the leucocytes. 

Analyses of the edema fluid that leaks out into the tissues after burns 
are of interest. The chloride content is a little higher than in plasma, 
the sugar and nonprotein nitrogen contents are about the same, and 
the protein content about SO per cent of that of plasma (Beard and Bla- 
lock, 1931; Underhill and Pisk,«- 1930). 

III. Blood Concentration . — One of the chief blood changes folloAA'ing 
burns is a blood concentration occurring soon after the injury and sub- 
siding in a fcAV days in cases Avith rccoA'cry. PolloAving this an anemia 
develops due to tlie combined effects of loss of blood from the granulating 
area, poor nutrition, and internal destruction of blood. Early Avriters 
to report blood concentration included Baraduc,-''" 1862; Tappeiner,-^^ 


1881; and Hock,^'^^ 1893. Hemoconcentration Avas reported bj' Locke,""“ 
1905. Of ten cases of bums at the hlassachusetts General Hospital, 
Locke found a red coAint over 9,000,000 in four of them. Pfeiffer,®® 1905, 
also noted hemoconcentration as did Underhill, Carrington, KapsinoAv, 
and Pack,*®® 1923. These latter authors studied twenty-one persons 
burned in a Noav Haven theater fire Avith a hemoglobin from 117 to 209. 


He Ivor,*** 1933; Shimada,"® 1934; Lambret, Driessens, and Cornillot,**= 
1937; Lambret and Drie.ssensr* 1937; Weiner, RoAvlette, and Elman,*** 
1936; Douglas,'® 1934; all noted hemoconcentration in burned patients. 
Simonart,’*' 1928; Blalock and his associates,*®® 1931; and Har- 
kins,*-*’*®®’®- 1934, 1936; haA'e also noted hemoconcentration in experi- 
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lost 111 sliglillj^ greater quantities than glohnlin and sodium eliloride to 
a larger extent fJiaii sugar depends merely on a somendiat selectii^o 
permeability of the burned capillaries for smaller molecules. It is as 
though a city of a million population were literally decimated by an 
air raid, the average size and other characteristics of the populace re- 
maining would be little altered in the aggregate compared to the great 
reduction in number of people. However, to carry the illustration 
fuither, it is true that warfare is often more lethal to adult males than 
others producing a qualitative alteration in tlie population as well. 

Blood chemistry changes have been noted following burns, and to 
many tliey represent the cause rather than the result of the shock factors 
jn'esent. Davidson,^’ •’ 1926, 1927, made an extensive study of the 
chloride and protein metabolism in burns. He found a significant lower- 
ing of whole blood and plasma chlorides. This was believed due to a 
lowering of the plasma chlorides below the renal tlireshold rather than 
to a primary kidney change. Davidson also found a hypopi'oteinemia 
with especial reduction in the amount of albumin. UjiderhilJ and 
others, 1930, also found a lowering of blood chloride (whole blood), 
while Me Iver/” 1933, found normal plasma chlorides. It is to be ])ointed 
out in this connection that with such marked blood eonccnl ration and 
altered hematocrit and a difference in the chloride concentration of cells 
and plasma (vide Harkins and others,-“‘=^® 1929, 1931, 1932) a chloride 
study of both cells and plasma should be made iji burned paticjils. 
Therefore, since the cells normallj’’ contain less chloride than ])lasma and 
since in burns the cells are inei-eased, this would explain the finding of 
low whole blood chlorides on the basis of the hematocrit changes alone 
but would not account for the difference in the results on plasma 
chlorides reported by Davidson and Me Ivei'. Baur and Boron ’8,=^” 1933, 
report of reduced low blood chlorides in five surviving men out of nine 
l)urncd in an airplane accident is open to the same objection as is tlio 


work of many other writers. 

Cicala,=‘“’'=^^ 1935, working on rabbits, reported a decrease in tiic i)iood 
chlorides, and an increase in the noupmteiii nitrogen. He believed that 
some of the increase in nitrogen is due to histaminelike substances. The 
creatinine and uric acid increased, the latter he believed being due to 
renal tubular damage secondary to traumatic shock. The reduced 
glutathione of the blood increased. Another Italian investigator, 
Titone,^^^ 1936, also reported an increase of glutatliione m the )>lood of 
experimentally burned animals. It is to be remembered that liematocnt 
changes alone may exjjlain many of these changes in nonprolein nitiogcii, 
etc., when done on whole blood. Christophe,'^’' 1933, find.s that the pies 
ence of albumin in the uilne, inei'cased noni>rotein nitrogen, li.'po 


chloremia, and low A/fl ratio become most miu'kod ten da.v.s after ex])en- 
mcntal burns in dogs. Lamhrol, Dricssens, and i\Ialatray,-“' 1936, and 
Lambrct, Driessons, and ■Warcinbtnirg,^'*' 1036. have reported increased 
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states that convulsions are practically always fatal and albuminuria and 
persistent vomiting are ominous signs. 

Tetanus has been frequently reported as a complication of burns. 
Newberger,-”" 1912, reported 2 personal eases and collected 47 from the 
literature. Of these 49 eases, 38 died, making a 77 per cent mortality. 
Pasal,-®' 1935, reported on the extensive burn material in the skin clinic 
of Yienna. Of 2,327 burn cases seen from 1905 to 1930, not a single one 
developed tetanus, but in both 1932 and 1934 there was one case and 
thus he believes prophylaxis is to be considered. Kudrinsky,-®* 1936, 
gave case reports of tetanus following burns. Willems and Kuhn,“^“ 
1936, stated that of 752 collected burn cases only 23 received antitetanic 
serum, but as none of the other 729 cases developed tetanus, the physi- 
cians in attendance on those particular eases evidently did not use poor 
clinical judgment in refraining from administering serum. 

In many clinics, including that of the writer, it is the practice to 
leave the right lower quadrant free when taking skin grafts in burn 
cases. This is considered especially advisable in children in whom the 
appendix has not been removed. Eose,^'® 1937, reported a case in which 
appendectomy was performed through a ferric chloride eschar twenty- 
three hours after a bum of the abdomen and thighs. The wound healed 
without drainage and six %veeks later that area w'as skin grafted along 
with the surrounding granulating region and the patient recovered. 

Pat embolism is a rare complication of burns but Strassmann,*®® 1933, 
reported on 125 cases of fat embolism due to blunt force and 5 following 
burns. He quotes Carrara as saying that in 46 per cent of burn cases 
coming to autopsy fat emboli are found. 

Globus and Bender,^®® 1936, reported an extensive study of severe 
burns in an eight-year-old boy leading to fatal disseminated toxic de- 
generative encephalopathy (disseminated sclerosing demyelination). 
Clavelin and Hugonot,^®' 1936, reported a case with late formation of 
edema. They attribute the edema to low plasma proteins resulting from 
albumin loss from the granulating surface. Froment, Thiers, and 
Brun,*®® 1936, reported a ease of burns with resultant anuria, hyper- 
tension, and bradycardia. Hoivever, their patient was burned so slightly 
that the sequence of cause and effect is not definite, klassabuau, Laux, 
and Ginestie^®® 1935, reported a burn with jaundice occurring on the 
third day. 

It is quite possible, as was discussed in the section on the bacterial 
theory of death following burns, that many of the complications of these 
injuries are secondary to sepsis. Pfaunder and Schlossmann,"®® 1935, 
mentioned several complications, e.g., hemoglobinuria. They quoted 
Kruse who reported encephalitis with acute hydrocephalus and amaurosis 
in a fiftccn-month-old child the day following a second degree burn. 
Scarlet fever or tr-pical scarlet-like exanthema with rise in temperature 
may appear after severe burns. Some (such as Leiner) are wont to 
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mental bums. Eavdiu and Ferguson/ 1925, noted a liemoglobiu of 
over 100 per cent ni all but two of their clinical cases and the red cell 
count was proportionately increased. As previously mentioned, hemo- 
eoneentration also accompanies shock from other causes. 

F?cc;-.~This complication of bunis was described by 
Long, ^ in 1840, and bj’’ C^u■ling,-=® in 1842. Since then sporadic reports 
of peptic ulcer followiijg burns have appeared in the literature including 
recently the reports of Willems and ICuhn,--= 1936; Wilson,” 1935; 
Glover,^®^' 1937; Torchiana,=='' 1936; and K:apsinow,=““ 1934. Tlio last 
named author attributes them to blood stasis and concentration with 
capillary oozijig and rupture, while other authors believe them to bo 
toxic in origin. Glovei/®^ 1937, states that bleeding from a Curling's 
ulcer accounted for 4 per cent of his deaths. Four other patients 
developed ulcer without death, three being diagnosed by x-ray and one 
ulcer requiring late gastric resection. The author does not state how 
many of these ulcers might hare existed befor'e. However, the two 
deaths iv'ere in childi'en and this practically precludes a preexisting 
ulcer. 

Underhill, Kapsinow, and Fisk,”® 1930, showed e.xperimentally that 
iji the production of a burn heat may penetrate the interior of the body 
to a degree sufficient to increase temporarily the temperature of tlie 
body cavities by several degrees. The 3 ’’ regarded such an increase of 
temperature as sufficient to lead to local circulatory changes inducing 
the formation of irlcers, hemorrhages, etc., which frum time to time have 
been ascribed to the effect of a burn toxin. It should be pointed out 
in this connection, however, that clinical cases of Curling’s ulcer have 
been reported in which the abdomen was not burned. The only case 
of Curling's ulcer in the writer’s series, 1936, occiuTed in a patient 
with marked sepsis : a peritonsillar abscess, fever of 104° F. or more for 
six daj's before death, and thrombophlebitis of the veins of one arm. 

In such a case bacterial emboli are to be considered in the etiology. 

V. Miscellaneous Complications.— Pach,-^^ 1926, summarizes burns in 
various locations in this connection bj' sailing; Burns of the scalp 
are peculiarly susceptible to erysipelatous inflammation, but are not 
so often followed by cerebral mischief as one would think. When the 
burn is limited to the extremities or to the back, wliere the thick dorsal 
muscles serve as effectual protection to the subjacent viscera, the outcome 
is encouraging'. However, burns of the abdomen, vith the dangerous 
visceral proximity, have the highest mortality. Burns of ilio genitalia 
the antci’ior thoracic surface and the face (over the area of tiigemma 
distribution) cause s.vmptoms and dangei’s far out of proportion to them 
area allotment, hlueous membrane involvement, especially of the 
])hp.rjTix and lar.mix, adds to ttic gravity of the ease. Bums of the flexor 
surfaces are more .seriou.? than on the extensor surface.” Pack further 
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states that comoilsioiis are practically always fatal and albtimmuria and 
persistent vomiting are ominous signs. 

Tetanus has been frequently reported as a complication of burns. 
Newberger,^®- 1912, reported 2 personal cases and collected 47 from the 
literature. Of these 49 eases, 38 died, making a 77 per cent mortality. 
Fasal,-*^^ 1935, reported on the extensive burn material in the skin clinic 
of Vienna. Of 2,327 burn cases seen from 1905 to 1930, not a single one 
developed tetanus, but in both 1932 and 1934 there was one case and 
thus he believes prophjdaxis is to be considered. Kudrinskjq^®^ 1936, 
gave ease reports of tetanus following burns. Willems and Kuhn,-^® 
1936, stated that of 752 collected burn cases only 23 received antitetanie 
serum, but as none of the other 729 cases developed tetanus, the physi- 
cians in attendance on those particular eases evidently did not use poor 
clinical judgment in refraining from administering serum. 

In manj^ clinics, including that of the vuiter, it is the practice to 
leave the right lower quadrant free when taldng skin grafts in burn 
eases. This is considered especiall}^ advisable in children in whom the 
appendix has not been removed. Bose,^*® 1937, reported a case in which 
appendectomy was performed through a ferric chloride eschar twenty- 
three hours after a burn of the abdomen and thighs. The wound healed 
without drainage and six weeks later that area was sldn grafted along 
with the surrounding granulating region and the patient recovered. 

Fat embolism is a rare complication of burns but Strassmann,^®® 1933, 
reported on 125 cases of fat embolism due to blunt force and 5 following 
burns. He quotes Carrara as saying that in 46 per cent of burn cases 
coming to autopsy fat emboli are fomid. 

' Globus and Bendei-,^®® 1936, reported an extensive study of severe 
burns in an eight-year-old boj’- leading to fatal disseminated toxic de- 
generative encephalopathy (disseminated sclerosing demyelination). 
Clavelin and Hugonot,^®" 1936, reported a case with late formation of 
edema. They attribute the edema to low plasma proteins resulting from 
albumin loss from the granulating surface. Proment, Thiers, and 
Brun,^®® 1936, reported a case of burns with resultant anuria, hsqper- 
tension, and bradycardia. However, their patient was burned so slightly 
that the sequence of cause and effect is not definite. Massabuau, Laux, 
and Ginestie^'’® 1935, reported a burn with jaundice occurring on the 
tliird daj^ 

It is quite possible, as was discussed in the section on the bacterial 
theory of death following burns, that many of the complications of these 
injuries are secondary to sepsis. Pfaunder and Schlossmann,®®® 1935, 
mentioned several complications, e.g., hemoglobinuria. They quoted 
Kruse who reported encephalitis with acute hydrocephalus and amaurosis 
in a fifteen-month-old child the day following a second degree burn. 
Scarlet fever or typical searlet-lilie exanthema with rise in temperature 
maj appear after se\ere burns. Some (such as Leiner) are ^Yont to 
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regard tiiesc all as true scarlet fever, since quite frequently an angina, 
raspberry tongue, and desquamation and even transmissions occur. Tiie 
possibility of a toxic eiythema due to resorption of poisonous products 
from the damaged skin is to be kept in mind. 

VI. Malignancy Developing as a Late Result of iJarns.— Treves and 
Pack, 2'“ 1930, liave reported a large series of carcinomas developing in 
burn scars (Marjolin’s ulcer) treated at the Jlemorial Hospital in New 
I-Ork. Of 1,091 squamous cell and 1,374 basal celled carcinomas treated 
during the twelve-year period, 1917 to 1929, 21 (2 per cent) of tlie 
former arrd / {0.3 per cerrt) of the latter followed burars. The average 
age of tire patients as a -whole rvas about fifty-nine years and was fiftj"- 
forrr years for the brrrrr eases. However, the ago of the sear is more 
important than the age of the patient, as one ease burned at the age of 
thi’ee years developed carcinoma at the age of seventeen years. It is of 
interest that of the entire 28 patieirts rvith carcinoma following burns, 
not 1 was ever treated by skin grafting. In 9 patients -ivith a known 
healing time, 3 never healed, and for the other 6 the average healing 
time was S05 days. The average age of the sear rvas 32.5 years. Stauf- 
fer,-"^ 1928-1929, reported a man -ivith skin carcinoma developing on 
the face thirty days after a biiwi. As he had pi-eeanccrous lesions elso- 
wliere, the burn may have been coincidental. Johnson,-'^' 1926, i-cportcd 
4 cases of carcinoma seen at the Steiner Clinic in one year. Three of 
these cases w'ere four years, eight years, and two years resjjectively in 
healing. The fourth ease never healed and wwe a dressing for sixt 3 '-one 
3 ’ears. At that time (previous to Treves and Pack’s report), JoJinson 
could find no record in the literature of basal celled carcinoma develop- 
ing in burn scars. Harkins,’-"* 1936, has recently reported 2 cases of 
sarcoma folio-wing burns. 

FLASTIG AND LATE TREATSIENT OF J3URN ULCERS AND SCARS 

A trend towmrds the adoption of the thick Thiersch or “thick split” 
graft advocated by Brown and Blair has been noted in recent re- 
ports,’®®’ 1929-1936. Many other '^vriters favor tJie use of the 
Reverdin, “pinch,” or small deep graft of Davis, 1929-1934, and 
this graft is still used in many instances, especially for children,'-* 1936, 
or over extensor surfaces. Homogenous grafts, =®= 1937, are sometmie.s 
used as a temporary life-saving measure by Bettman,"®'- 1938, tlic idea 
being that even thongh these grafts do not take they will act ns a pro- 
tective covering for a few days or weefe. Bettmnn says m this regai-i 
that there is general recognition of the fact that lioraogciions gia -s t « 
not take permanently. However, during the three to five weeks tlia 
the grafts arc adherent, the covered area is cleared of infection am 
the patient is saved the disastrous effects of septic nhsorption from liio-se 
areas. By tlie time the grafts come away, the patient 's condition is so 
greatlv improved that measures which were not thought of earlier ma.'' 
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now be carried out with safety. Whole thickness grafts have been used 
in the repair of scars to advantage by Padgett, 1937, while Ashley,-*® 
1937, has used discarded foreskins preserved in ice cubes. Goode,^** 
1935, takes the thick split graft of BroAvn and Blair and cuts it in pieces 
after placing it epidermal side domi on gutta pereha. These pieces, 
about 2 cm. square, are then applied, with the gutta pereha still at- 
tached, to the burned ulcer in the same manner as are pinch gi-afts. 
This author treats the donor area with tannic acid and fastens large 
thick split grafts to the recipient area by plastering the margins wdth 
collodion. 

The later treatment of burn sears and contractures by pedicle grafts 
and other plastic methods has been described in several recent pnhlica- 
tions,*”'’-*"" 1924-1937. 

RELATED THERMAL AND ACTINIC TRAUMA 

I. Preesiap.— Harkins and Harmon,*®--*®* 1934, 1935, 1936, 1937, have 
shoTOi that many of the changes follow’ing freezing are similar to those 
following burns. A marked exudation of plasma-like fluid into the local 
tissues occurs with thawing, resulting in blood concentration, lowered 
bleeding volume and decrease in arterial pressure. This condition may 
be so severe as to be related to death of experimental animals. In these 
experimental animals a marked prolonged hypothermia was noted of 
about the same degree as that reported by Eeincke,*®' 1875, in human 
beings (24.0° G., 75.2° F.). 

II. S^ln'burn . — This usually produces a first or even second degree 
burn over the entire exposed surface area, involving especially the ex- 
tensor surfaces, and it may he serious in some instances. 

III. Roentgen and Electrical Burns. — Davis,*®*"*®® 1933, has made an 
extensive study of these burns. He concludes tliat early and wide ex- 
cision of deep burns caused by Roentgen rays or radium, with closure 
of the defect thus made bj^ tissue shifting, offers the best method for 
elimination of pain, prospects for permanent healing, and safety from 
subsequent malignant degeneration. 

Electrical burns are noted for their depth, sharing this characteristic 
vuth Roentgen burns. They may ei’ode large vessels and cause delayed 
death by secondary hemorrhage. 

COMMENT 

Prom the mass of work publislied in the past ten years, mucli of wliich 
shows no uniformity of opinion, it is difficult to arrive at arhitrarv con- 
clusions. In review, however, it seems tliat after a severe burn a patient 
may be subject to some degree of psychic or primary shock which usually 
quickly passes away. Following this, from the second to about the forty- 
eighth hour, secondary shock may ensue with marked blood concentra- 
tion. Accompanying this is a moderate alteration in some of the chemi- 
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cal constituents of the blood and a marked exudation of plasma-like 
fluid into the burned area and from the burned surface, Y'ith, in experi- 
mental animals, lowered blood volume, bleeding volume, and cardiac 
output. ■\Vlietlier this stage of shock with resultant lowered blood 
pressure is due to these physical changes or to the production of a toxin, 
there is no uniformity of opinion. 

Irrespective of whether this secondary stage is due to the physical 
effects of local fluid loss or to the poisonous effects of toxin absorption, 
it seems advisable in serious cases to administer an eschar-forming t3'pe 
of treatment to the local lesion. Such local treatment will seal off the 
tissues and prevent fluid loss or toxin absorption. Along with 
the local treatment, the usual supportive measures against sliock sliould 
be used. The use of adrenal cortical extracts and blood plasma trans- 
fusions are to be considered. The choice of local treatment lies between 
numerous tanning agents. If the ultimate plastic result is of prime im- 
portance and the bum is not severe enougli to endanger the life of the 
patient, escharoties may be omitted and saline baths used instead. If 
one adlieres to the bacterial theory of toxin production, an antiseptic 
maj' be combined with the eseharotie or used as a mild eseliarotie. 

The presence of infection, usually Streptocoeevs liemolyticns, is a 
factor in the morbidity in the third stage of burns from the second or 
third daj'- on during the next few weelcs, especiallj' the first ten daj’s. 
At this time, if the patient has recovered, fluid loss is no longer an im- 
portant factor except in producing a tj^re of nutritional edema. The 
blood now becomes dilute and transfusions are necessary to overcome 
anemia rather than to combat shock. Toxins may or may not play a 
role at this time. 

In the fourth or healing stage of bunrs, early skin grafting is advisable 
and in this work the use of thick split grafts is favored in many of the 
most recent reports. 
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particularly when certain indications exist. A few patients were reported in 
whom the common' duct was drained with a T-tuhe, but in whom all stones were 
not recovered from the common duct at the time of operation. In such cases an 
attempt should be made to encourage the passage of the stones in the common 
duct -without another operation. A routine consisting of the administration of 
atropine and nitroglycerin, and the injection of warm olive oil and saline solution 
through the T-tube has been developed in order to encourage the passage of the 
stones through the sphincter of Oddi. If the stones found in the common duct 
after operation are proximal to the T-tube, the tube will obviously have to be 
removed before the stones can pass through the duct. On one or two occasions 
when the routine mentioned above was ineffective in obtaining passage of the 
stone, the common duct was irrigated -with ether in an attempt to dislodge or 
break up the stone. In the case in which this method was attempted, the pro- 
cedure was not effective, however. Cholangiography at the time of operation is 
advised to aid the surgeon in finding stones in the common duct. 

Dr. Charles W. Mayo, Rochester, Minn., A New Method of Repair of Complete 
Rectal Prolapse: Attention is called to the fact that many oases of severe prolapse 
of the rectum are associated with a hernia of the median perineal type, and in which 
small intestine may herniate into the prolapsed rectum. In dealing with this type 
of complete prolapse, a low midline incision is made and the neck of the sac, through 
which the small intestine herniates into the rectum, is brought upward. The floor 
of the pelvis, which is very lax, is . reconstructed and reinforced with fascia lata 
removed from the thigh. Care is taken not to apply sutures in the bladder wall. 
The sigmoid is anchored somewhat by suturing epiploic tags to stable structures. 

Dr. John Alexander, Ann Arbor, Mich., The Indications, Technique, and Results 
of Surgery for Bronchiectasis (In the absence of the guest speaker. Dr. Alexander, 
this paper was presented by Dr. Cameron Haight, Ann Arbor, Mich.): The in- 
stitution of conservative tlierapy is emphasized before the radical procedure of 
lobectomy is performed. Conscientious postural drainage, pneumothorax, and 
phrenic interruption were discussed as procedures to be used before lobectomy, but 
unfortunately such measures are rarely curative. Occasionally patients are made 
worse by phrenic interruption. Bronchoscopy is of great value in determining the 
presence of bronchial stenosis as an etiologie factor in the development or presence 
of bronchiectasis. The essayist has practically discarded thoracoplasty in the treat- 
ment of bronchiectasis. Lobectomy is indicated, particularly in the unilobar disease. 
The results of bilateral lobectomy are obviously not good; poor results have dis- 
couraged tlie author from its continuation. In bilateral bronchiectasis it is usually 
preferable to perform lobectomy on the bad side and to wait considerable time to see 
if conservative treatment of the less diseased lobe will not be effectual. Prophylactic 
lobectomy in mild bronchiectasis is not favored, chiefly because the mortality follow- 
ing lobectomy i.s not insignificant. The x-ray, utilizing the injection of iodized oil, 
is very useful. One lobe should be injected, and lateral as well as oblique views 
should be taken. The author favors the two-stage operation and calls attention to 
tlio lowering of mortality from S to II per cent down to 4 per cent by the delayed 
two-stage operation of Churchill. Eleven total pneumonectomies were performed in 
the author's clinic for disseminated bronchiecta.sis with five deatlis. 

Dr. Casper T. Hegner, Denver, Colo., Some Points in Surgical Collapse for 
Pulmonary Tuberculosis: Conservative mcasure.s, including pneumothorax, phrenic 
interruption, and sealeniotomy, should be considered before thoraeoplnsty is ad- 
vised. The author is of the opinion that temporary phrenic interruption produced 
by crushing of the nerve should be utilized more often than it is. In di.scussion 
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D B. LOinS EASSIBtrR, St. Louis, Mo., A Clinical Study of Congenital and 
Panjilial Hemolytic Icterus: In a family consisting of motUcr, father, and 
tliree children, all except the mother suffered from familial hemolj'tic icterus. Be- 
cause of jaundice, anemia, etc., the father had a splenectomy three years before he 
-was married. He died at the ago of thirty-seven j-ears -(vith uremic coma. All three 
children -were girls. In the first child anemia, slight jaundice, and weakness ap- 
peared early. Examination of stomach contents revealed no free hydrochloric acid. 
Splenectomy was performed. Gallstones were present in the gallbladder. The second 
child presented similar manifestations, including stones in the gallbladder and 
of hydroclUoric acid in the stomach contents. Platelets numbered only 28,000, 
Manifestations of the third chUd were similar to those of the other two. Platelets 
numbered 26,000, but they rose to 600,000 after splenectomy. Splenectomy was per- 
formed on all three children with relief of sj-mptoms, but sliglit icterus persisted. In 
diicussion Dr. H, H. Davis, of Omaim, Neb., called attention to the frequency of 

hemoelastie crisis following transfusion before ® 

familial icterus. Dr. G. M. Curtis, of Columbus, Oliio, called attention to the fac. 
that the disease is genetic, i.c., carried by the chromosomes. 

Dr. Charles B. Puestow, Chicago, HI., Choledochostomy with 

the duct was encountered in all of th P duct drained. TIiC hy- 

cholecystoctomy had following cholecystectomy may 

pothesis is suggested that the o I l , ^ cystectomy. In a seno.s of 

L due, in great part, to this relaxation 7'ycommon duct was larger 

the common duct. 

Dr. K. Eussell Best, Omaha, Neb., The fact that 

maining Common Duct Stone and Its Nonoporati • common 
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particularly^ when certain inclications exist. A few patients were reported in 
whom the common' duet was drained •with a T-tube, but in whom all stones were 
not recovered from the common duet at the time of operation. In such cases an 
attempt should be made to encourage the passage of the stones in the common 
duct ■without another operation. A routine consisting of the administration of 
atropine and nitroglycerin, and the injection of warm olive oil and saline solution 
through the T-tube has been developed in order to encourage the passage of the 
stones through the sphincter of Oddi. If the stones found in the common duct 
after operation are proximal to the T-tube, the tube will obviously have to be 
removed before the stones can pass through the duct. On one or two occasions 
when the routine mentioned above was ineffective in obtaining passage of the 
stone, the common duct was irrigated with ether in an attempt to dislodge or 
break up the stone. In the case in which this method was attempted, the pro- 
cedure was not effective, however. Cholangiography at the time of operation is 
advised to aid the surgeon in finding stones in the common duct. 

Dr. Charles W. Mayo, Rochester, Minn., A New Method of Repair of Complete 
Rectal Prolapse: Attention is called to the fact that many cases of severe prolapse 
of the rectum are associated with a hernia of the median perineal type, and in which 
small intestine maj’ herniate into the prolapsed rectum. In dealing with this type 
of complete prolapse, a low midline incision is made and the neck of the sac, through 
which the small intestine herniates into the rectum, is brought upward. The floor 
of the pelvis, which is very lax, is . reconstructed and reinforced with fascia lata 
removed from the thigh. Care is taken not to apply sutures in the bladder wall. 
The sigmoid is anchored somewhat by suturing epiploic tags to stable structures. 

Dr. John Alexander, Ann Arbor, Mich., The Indications, Technique, and Results 
of Surgery for Bronchiectasis (In the absence of the guest speaker, Dr. Alexander, 
this paper was presented by Dr. Cameron Haight, Ann Arbor, Mich.): The in- 
stitution of conservative therapy is emphasized before the radical procedure of 
lohectomy is performed. Conscientious postural drainage, pneumothorax, and 
phrenic interruption were discussed as procedures to be used before lobectomy, but 
unfortunately such measures are rarely curative. Occasionally patients are made 
worse by phrenic interruption. Bronchoscopy is of great value in determining the 
presence of bronchial stenosis as an etiologic factor in the development or presence 
of bronchiectasis. The essayist 1ms practically discarded thoracoplasty in the treat- 
ment of bronchiectasis. Lobectomy is indicated, particularly in the unilobar disease. 
The results of bilateral lobectomy are obviously not good; poor results have dis- 
couraged the author from its continuation. In bilateral bronchiectasis it is usually 
preferable to perform lobectomy on tlie bad side and to wait considerable time to see 
if conservative treatment of the less diseased lobe will not be effectual. Prophylactic 
lobectomy in mild bronchiectasis is not favored, chiefly I)ecause the mortality follow- 
ing lobectomy is not insignificant. The x-ray, utilizing the injection of iodized oil, 
is very useful. One lobe should be injected, and lateral as well as oblique view.s 
.should bo taken. The author favors tlie two-stage operation and calls attention to 
the lowering of mortality from S to 14 per cent down to 4 per cent by the delayed 
two-.stage operation of Churchill. Eleven total pneumonectomies were performed in 
the author's clinic for disseminated bronchiectasis with five deaths. 

Dr. Casper R. Hegner, Denver, Colo., Some Points in Surgical Collapse for 
Pulmonary Tuberculosis: Conservative measures, including pneumothorax, phrenic 
intcrrnption, and scalcniotomy, should bo considered before thoracoplasty is ad- 
vised. The author is of the opinion that temporary phrenic interruption produced 
by crushing of the nerve should be utilized more often th.an it is. In discu.s.sion 
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Dr. Joseph W. Gale, ^laaison, Wis., calletl attention to the effoctivenes.s of extra- 

to'SZr 1 ?■ operation ho anchor., the interco.,tal handies 

to the first rntact nh. Portions of the fir.st fi.roe ril.s .are usually removed. 


Dr. William A. Taylor, Kllcn.slnirfc, Wa.s-li., Congenital Cyst of the liung- tl- 
though congenifal cysts of fl,e lung are not common, (hey ofiev an extreme umount'nf 
iliflSculty in tlierapy, particularly if they hecoinc infected. They do not re.spontl well to 
( r!unng:e. Tlif' type of pur^ioiil approach varies dependinfr upon the t^'pe of cyst pve^* 
ent. Although excision of the cyst may be possible, frequently pncnmonectomv 
will have to be performed because the cysts are so often multiple. In the ease re- 
ported the author was able to excise the exvst succe.ssfully. 


Dr. Stuart W. Harrington, Rochester, Minn., Pharyngoesophageal Diverticulum t 
The term pharyngoesophageal diverticulum is a poor one since the condition is in 
reality a herniation of the pharynx. These diverticula iisiinlly are present on 
the left side. They are apparently of congenital origin. The frequency of 
esophageal diverticulum makes esophagoscopy advisable in all patients with 
dy.sphagia. In the series of 33 cases reported, the operation was performed in 
one or two stages. In tiie latter txqie of operation, the first stage consists of im- 
mobilization of the diverticulum through a long incision in the neck msimlly on the 
left .side. The second stage is performed seven to thirteen days later. This adds 
to the safety of the procedure because tbe area is walled off b.v the granulation 
produced by the first operation. Feeding for several da.v.s is restricted to that 
effected by means of a nasal tube. In 25 patients upon whom a two-stage opera- 
tion was performed, 6 had a postoperative fistula, 2 had n rccnrrcnce, and 21 had 
relief from symptoms. In S patients upon whom the one-stage operntioa wn.s 
performed, no complications were encountered and all were relieved of sj-mpfoms. 
The point was made, however, that these statistics .should not condemn the two- 
stage operation. 


Dr. Edgar L. Gilcreest, San Francisco, Calif., Lesions of the Shoulder: The 
author emphasized the fact that most of the patients complaining of pain in the 
shoulder in the absence of fracture suffered from oxtra-nrticulnr lesions and not 
from artliritis. Lesions consisting of fraying or rupture of the supraspinnlns 
tendon are not uncommon. A great deal of the .symptoms referahio to the shoulder 
are related to the f.act that the shoulder joint is now n weight-carrying joint 
rather than a weight-bearing joint. The grating or crcpitu.s which can be dem- 
onstrated .so commonly in patients complaining of pain is rarely duo to arihrili.s, 
but usually due to fraying and roughening of the tendons. Lesions of (ho bicep.s 
and triceps tendons were included in this discussion. 

Dr. Kellogg Speed, Chicago, lib, Spondylolisthesis: Displacement of a vortebra 
as encountered in spondylolisthesis may occur at any level, but nsually it opoiir.s 
at the level of the fifth lumbar vertebra and sacrum. The lesion is frequently 
traumatic, but it mav be associated with incomplete fusion of tlio neural arch, fhe 
more conservative methods of treatment, including the use of hrnec.s, corset.,, trac- 
tion etc., were discussed. Operative procedures consist primarily of attempts 
to obt.ain bony fusion bv an anterior or posterior operation. The nntcrior nppronc i 
is usnallv easier than the posterior. The procedure described by the author is to 
drill a hole through the fifth lumbar vertebra into the .sacrum, and to drive a Imnc 
transplant obtained from the tibia into this opening. This tran.splanf nffords ix. - 
tion and is efTcctive in tlte (reatmenf. 

Dr. J. Dewey Blsgard, Omaha, Xeb., Fractures Involving the Epiphyseal 
Cartilage: In a riViim.' of 2.’12 fractures the author noted that significant injury 
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to an epiphj’sis ■nras inflicted in slightly over 20 per cent of the cases. Injury to 
the epiphysis is very apt to result in prevention of normal growth, even though 
reduction may he adequate. Occasionall.y growth is interfered with only on one 
side of the epiph 3 -sis, therebj' producing a deviation tjqpe of deformitj', toward the 
injured side. Such deformities do not manifest themselves for several months 
after injurj-. In about one-half of the cases suffering from epiphyseal injury the 
x-raj' will reveal disturbance in growth in about half the cases. 

Dr. Eslie Asbury, Cincinnati, Ohio, Internal Fixation of Hip Fractures Without 
an Open Operation: Attempt lias been made to treat fractures of the hip bj' 
internal fixation without resorting to such radical procedure as the use of the 
Smith-Petersen nail. The method used bj' the author consists of the introduction 
of three or four Kirschner wires through the trochanter into the head of the femur. 
Patients treated bj* this method should not be allowed to bear weight on the ex- 
tremitj' under four or five months. When fractures of the femur are treated bj’ 
Kirschner wires, attempt should be made to obtain slight over-correction of the 
deformit}'. In 39 cases reviewed, 28 had union. 

Dr. James E. McVay, Kansas Citj-, Mo., The Treatment of Diverticula of the 
Bladder: The details of preoperative and postoperative treatment of diverticula 
of the bladder were presented. The diverticula wore dissected out and the cut 
edges brought together with No. 00 chromic catgut. The bladder is kept emptj' 
with a retention catheter which is attached to a suction apparatus similar to 
Wangensteen suction. In discussion. Dr. H. Ii. Kretschmer, Chicago, 111., remarhed 
that manj- diverticula need not be resected if the etiologic factor, which is usually 
an ob.struction, can be removed. 

Dr. Henry McGraw, Denver, Colo., Intestinal Obstruction: The author traced 
the develoirment of the various procedures advised from time to time as supple- 
mentarj' aids in the treatment of intestinal obstruction. The use of Wangensteen 
suction has resulted in a lowering of mortality and the elimination of operation 
in the treatment of nianj' ca.ses. One of the dangers in the use of Wangensteen 
suction is that the surgeon maj- misinterpret the slight improvement which alwaj'S 
follows the institution of Wangensteen drainage. If operation is necessary and 
is delaj-ed, the mortalitj- will obviously be increased. In discussion, Dr. Thomas 
G. Orr, Kansas Citj', Kan., called attention to the fact that enterostomj' is seldom 
used anj- more in the treatment of intestinal obstruction since it is not needed 
when drainage through the opening is effected and since it is of no value when no 
drainage is effected. Dr. Urban Maes, New Orleans, La., reported a reduction from 
CO to 30 per cent primarih' becau.se of the institution of Wangensteen drainage, 
hut he said the mortalit.y in his department was now increasing because of the 
false securiU-. 


Dr. Claude J. Hunt, Kansas Citj-, Mo., Pancreatic Cyst: Historical data and 
the classification of pancreatic cysts were pre.sented. It was emphasized that the 
c\-st 11103 - present at varied positions with relation to the stomach. Svmptoms arc 
duo to pres.sure and disturbed pli 3 -sioIogy. The x-rin- should bo of significant aid 
in establishing the tumor ns arising from the pancreas. The case presented was 
treated b 3 - exci.sion of the cyst, although this is 1 ) 3 - no means nlwa 3 -s possible. 

Dr. Frank C. Mann, Rochester, Minn.. The Effect of Decreasing the Lumen of 
a Blood Vessel: Various methods of measuring the rate of flow of blood through- 
a blood vessel were discussed, pacing particular attention to the method utilizing 
dissemination of heat. Unexpected rc.sults were obtained so far as considerable 
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D^r. Joseph W. Gale, Ufadison, IVis., called altcntion to the effectiveness of evtrn- 
. seal apicdysis of SenA. In this operation ho anchors the intercostal handles 
to the first intact nb. Portions of the first three ribs are iisuallv removed 


Br. William A. Taylor, l-lllcnsburs;. Wash., Congenital Cyst of the Lung: Al- 
t lough congenital cysts of the lung are not eonimon. ti.ey offer an extreme amount of 
( ifficiilty 111 therapy, particularly if they become infected. They do not respond well to 
drainage. The tyiie of surgical aiiproaeh varie.s depending upon the type of evst pres- 
ent. Although e.xcision of the cyst may be possible, frequently ineumonectomy 
will have to be performed because the cysts arc so often miiltijile. In the cu.se re- 
ported the author was able to excise the cj’st successfully. 


Br. Stuart W. Harrington, Eoclioster, Minn,, Pharyngoesophageal Biverticnliim: 
The term pharyngoesophageal diverticulum is a poor one since the condition is in 
reality a herniation of the pharynx. These diverticula usually are present on 
the left side. They are apparently of congenital origin. The frequency of 
esophageal diverticulum makes esophagoscopy advisable in all patients with 
dysphagia. In the series of 33 cases reported, the operation was performed in 
one or two stages. In the latter t\-pe of opernfion, the first stage coii.sists of im- 
mobilization of the diverticulum through a long incision in the neck usually on the 
left side. The second stage is performed .seven to thirteen dny.s later. This adds 
to the .safety of the procedure because the area is walled off by the grnmilnlion 
produced by the first operation. Feeding for several days is rostriotod to that 
effected by means of a na.sal tube. In 25 patients upon whom a two-stngo opera- 
tion was performed, 0 had a postoperative fistula, 2 had a recurrence, and 21 had 
relief from symptoms. In 8 patients upon whom the one-stage operation ^vas 
performed, no complications were encountered and nil were rcliored of symptoms. 
The point was made, however, that the.so statistics .should not condemn the two- 
stage operation. 


Br. Edgar L. Gilcreest, San Francisco, Calif., Lesions of the Shoulder: The 
author emphasized the fact that most of the patients complaining of pain in the 
-shoulder in the absence of fracture suffered from oxtrn-nrticulnr lesions and not 
from arthritis. Lesions consisting of fraying or niptiiro of the supraspinatus 
tendon are not uncommon. A great deal of the symptoms referable to tho .shoulder 
are related to the fact that the .shoulder joint is now n wcight-carrmng joint 
rather than a weight-bearing joint. The grating or crepitus which can be dem- 
onstrated so commonly in patients complaining of pain is rarely due to arthritis, 
but usually due to fraying and roughening of the tendoms. Lesions of the biceps 
and triceps tendons were included in this di.scu.s.sion. 


Br. Kellogg Speed, Chicago, HI., Spondylolisthesis: Bi.sphicement of a vortebrn 
as encountered in spondylolisthesis may occur at any level, but usually it occurs 
at the level of the fifth lumbar vertebra and sacrum. Tho le.sion i.s frequently 
traumatic, but it may be associated with incomplete fusion of the neural arch. The 
more conservative m'ethods of treatment, including tho u.so of braces, corsets, trac- 
tion, etc., were discussed. Operative procedures consist primarily of at temp s 
to obtain bony fu.sion by an anterior or po.sferior operation. The anterior npproii i 
is usually eas'ier than the posterior. The procedure de.scribed 

drill a hole through the fifth lumbar vertebra into the sacrum, aud to dr.vi a bone 
tran.splant obtained from the tibia into this opening. Thi.s tran.spinnt nffords Uxa- 
tion .and is elTcctivc in the treatment. 

Dr. J. Dewey Bisg.ard, Omalm, Xeb„ Fractures Involving the Epiphyseal 
Cartilage: In a n'sumd of 232 fractures the nuthnr noted that .>iigiiificnnl injiiri 
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Dr. Hugh Trout, Eoanoke, Va., showed a beautiful colored moving picture of 
the radical operation for carcinoma of the breast. The operation he uses is es- 
sentially the Halsted operation. He believes that irradiation should be used as an 
adjunct to surgery but that it has no replacement value for surgery. 

Dr. Edgar L. Grilcreest, San Francisco, Calif., read a paper on lumbosacral 
and sacroiliac sprains, calling attention to the fact that back pain as a single 
entity probably causes more industrial disability than any other condition. The 
causes of back pain are numerous. Acute or chronic sprain is the most frequent 
cause. Infection is the nest m.ost frequent cause. Congenital anomalies, neuro- 
pathic condition, metabolic conditions, and neoplastic causes are less frequent. 
Protrusion of the intervertebral disk is a possibility which must be ruled out. 
Dr. Gilcreest paid particular attention to acute and chronic sprains and slips in 
the sacroiliac and lumbosacral regions. He outlined the clinical aspects and ad- 
vocated heat and massage and manipulations, which consist of forcibly flexing 
the knee with counterforce on the shoulder while the patient is on his side, and 
flexing the leg with the patient on his back, the other leg hanging over the side 
of the table fixing the peh-is. Relief is prompt in a large percentage of patients 
after these measures. 

Dr. Ralph G. Carothers, Cincinnati, Ohio, discussed internal fixation of frac- 
tures of the neck of tlie femur. Dr. Carothers had some lielpful suggestions for 
doing the operation. He uses the Austin Moore method with variations. A towel 
clip at the middle of Poupart’s ligament serves as a very helpful guide to the 
head of the femur. After reduction, anteroposterior roentgenograms with this 
clip in place and a lateral roentgenogram with the edge of the casset flat on the 
table give information in the former view of the accuracy of tlie towel clip as 
a guide and in the latter view of the inclination from the horizontal necessary to 
hit tlie head of the femur. Of 26 cases in which he used this method, 9 had iater- 
troehanteric fractures and 17 had intracapsular fractures. Of the intertrochanteric 
fractures 8 had bony union and 1 died. Of 17 intracapsular fractures, 2 died 
early; 5 have bony union in good position; in 4 the neck was absorbed; 2 had 
union hut also a limp; 1 died of pneumonia ten weeks after operation; 3 have 
been operated upon less than three months. 

Dr. R. Arnold Griswold, Louisville, Ky., discussed the treatment of delayed 
uniou and nonunion of fractures by subcutaneous drilling. In 12 cases in the 
last two years, all of which had delayed union or nonunion of subcutaneous hones. 
Dr. Griswold performed multiple drillings in a fan-shaped manner tlirough the 
tw'o fragments. After this procedure, all obtained union. Dr. Griswold called at- 
tention to the fact that this relatively minor operation will often obtain the 
desired results without having to perform more radical surgery. 

Dr. Pr.mk Strlckler, Louisville, Ky., attempted to find a more suitable ma- 
terial for internal fixation of the fractures. Chromicized beef tendon, which he 
has prepared specially, was found to he a very suitable material. It has a cer- 
tain rigidity, but it is absorbed after approximately ninety days. It doesn’t show 
in the x-rays. He showed various methods of using this material for fixation 
of fractures; ns a cuff over the two fragments held by kangaroo tendon, as two 
pegs for intcrmedullary support, and other methods. 

Dr. J. C. Gerster, New \ork, N. Y., reported a case of rupture of a diver- 
ticulum of the jejunum resulting in peritonitis. The patient’s general condition 
permitted only drainage of the diverticulum. Death resulted later in the con- 
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decrease in the lumen of the artery could be effected without producing a decrease 
in the blood flow. The external diameters can be decreased as much as 50 per cent 
with a resultant decrease in flow of only IS per cent. , 

Dr. Everett P. Coleman, Canton, HI., Injection of the Eight Stellate Ganglion 
with iUcohoI in Paroxysmal Tachycardia: The stellate ganglion of a patient who 
had daily attacks of paroxysmal tachycardia associated ndth a diseased gallbladder 
was injected with alcohol. The history of cholecystitis was of twenty 3 'ears’ dura- 
tion and the paroxj-smal tachj-cardia of four years' duration, suggesting that there 
was little relationship between the two diseases. The injection of the alcohol pro- 
duced almost an instantaneous cessation of the paroxysmal tachycardia, the heart 
rate dropping from 200 down to SS. The dangers associated with the injection 
were discussed. 

Dr. Gordon S. Pahml, Winnipeg, Canada, Hyperparathyroidism: Four patients 
with hjperparathyroidism were reported, paying particular attention to the 
author's last case in whom two tumors were encountered. In this' patient one 
tumor was found embedded in a lobe of the thjwoid; whereas, the other was found 
in the mediastinum. X-ray pictures of the bones wore shown to illustrate the 
calcification occurring in the decalcified areas following excision of the tumor. 
The importance of the laboratory data was stressed. 

Dr. William T. Peyton, Minneapolis, Minn., Hemangioma and Its Treatment; 
The author emphasized that many ca\'emous hemangiomas need not bo exci.sod 
but could be eliminated by the injection treatment. The injection treatment 
recommended consisted of several injections of not more than 3 c.c. of sodium 
morrhuate into the tumor. A comparison of results in patients treated with 
radiation and those treated with injection revealed a cure in about 55 per cent and 
82 per cent, respectively. 


EBVIEW OP THE SOUTHEEN SUEGICAL ASSOCIATION 
I.IBBTING, DEO. 7-9, 1937, BIEMIN6HAM, ALA. 
Howard E. ]\Iahorner, M.D., New Orleans, La. 

(Fr07ii the Department of Svrgcnj, Tvlanc University School of Medicine) 

T he fiftieth annual meeting of the Southern Surgical Association was hold in 
its nativity city, Birmingham, Ala., at the Tutwilcr Hoiol, December 7, S, and 
9. One hundred forty-nine members wore present. Of forty papers on the program 
tliirty-eight were presented. 

nr Isidore Cohn, Now Orleans, La., discussed malignant disease of the breast 

v,;riution. The average ago for the colored patwnt 

was nveracc a-c of the white.s. The average duration of symptom.. , 

Of 224 colored patients in whom the records were 

study IIS liad radical operations. Sixty-threc of tlie.=e had g an , 1 ;.,. „ft„ 

tint L GO per cent had .axillary involven.enf on Msion. The mortabh nfb't 
operation is approximately G5 per cent in from one to four je.irs. 

Keceivcd for piibllcationf January 15, 193S. 
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Dr. Edward H. Ochsner, Chicago, 111., reported an interesting case of simple 
nonparasitic cyst of the liver. Such cysts are extremely rare, are more common in 
women, and occur at the anterior margin of the lower surface of the liver. In his 
case the oy.st of the liver contained four gallons of murky fluid. The wall was 
partially removed at operation and the remaining wall was marsupialized. Micro- 
scopic section showed columnar epithelinni. The patient made an uneventful re- 
covery and at a subsequent operation for another cause some years later there 
was no evidence of the cyst except adhesions from the region of the liver to the 
abdominal wall. 

Dr. E. Ii. Ehodes, Augusta, Ga., discussed acute cholecystitis. He beKeves 
tliat more attention sliould be paid to an analysis of the blood chemistrj' in these 
cases. Blood sugars, blood chlorides, and nonprotein nitrogen and uric acid de- 
termination are all important and preliminarj- preparation of tlie patient should 
be directed in some measure to elevation of lowered blood sugar and chlorides and 
to reduction of elevated nonprotein nitrogen. In discussing this paper, Dr. 
Charles Gordon Heyd, New York, N. Y., emphasized the necessitj" of reestablish- 
ing diminished liver function. He believes that drainage of gallbladder facilitates 
drainage of the liver. 

Dr. William B. Marbury, Washington, D. C., discussed retroperitoneal (ret- 
roeolic) appendix. The condition is not extremely common, but it does occur 
where the appendix in its embryonic descent gets caught under the colon and be- 
comes entirely retroperitoneal. The clinical appearance is apt to differ from that 
of typical acute appendicitis in that the pain is not localized definitely at Mc- 
Burney’s point. The tenderness is higher and more posterior. Blood or pus may 
be found in the urine. Dr. Marbury reported 6 cases. Tlie operation is some- 
times difficult because the appendix is hard to find. It may be traced by first 
identifying its base at the ends of the longitudinal bands on the cecum. 

Dr. Vernon Mastin, St. Louis, Mo., in an extensive study based on records of 
!>,592 patients having operations showed that preoperative medication definitely 
influenced the incidoiico of postoperative complications. Of 7,901 abdominal op- 
erations, 5,324 received morphine and atropine prcoperativcly ; 2,31S, morphine and 
hyoscine; and 259, morphine and barbiturate. In the morphine and atropine group 

2.7 per cent developed cystitis or pyelitis; in the morphine and hyoscine group, 

13.7 per cent; and in the morphine barbiturate group, 2.3 per cent. Studies for 
other operations and complications showed similar incidences. Morphine and a 
barbiturate administered preoperatively is followed by fewer complications than 
the other two combinations. 

Dr. E, Glen Spurting, Louisville, Ky., has sectioned tlie scalenus anticus 
muscle in 20 cases for neurocirculatory compression without cervical rib. Of 17 
cases which he was able to follow, relief of symptoms had been complete in all 
except 3. In these 3 there had been improvement. Tiie symptoms of this syndrome, 
whicli was first recognized by Naffziger as occurring independently of supemumerary 
rib, arc pain in the distribution supplied by the brachial plexus, numbness or 
hypcroslhosia, muscular weakness, diminution in pulse, especially when the patient 
turns the head to the affected side and takes a deep imspiration, and tenderness 
over the scalenus muscle. The condition is not rare and better appreciation of 
the symptoms and diagnostic signs will result in more cases being recognized. 

Dr. Charles Baglcy, Jr., Baltimore, Md., reported 2 cases of gas bncillu.s in- 
fectioa caii.^ing brain nb.s(>e.«.-i. He found only 20 proved cases of tlii.s t\-pe in 
the literature. One of his cases w!is due to .•>. puncture wound, the .second to 
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,1 r divcrticulun., divcrticulosis of the 

colon js most common, next diverficulosis of tlic duodenum, and lastly shmle and 
multiple diverfaculosis of the jejunum. The author’s case had nine divcrticuli 
one of ivhich had ruptured. From the literature he collected 1S6 cases in 1«0 
references. A large percentage of diverticula of the jejunum give no symptoms. 
Otiers g-ne flatulent dyspepsia and others symptoms of chronic intestinal obstruc- 
non. Occasionally rupture occurs. 


Di. Vernon 0. David, Chicago, 111., read a most instructive paper on the in- 
fluence of diverticulitis on the mortality associated witii surgery of the colon. 
Numerous complications occur from diverticulitis of the colon. Adhesions resulting 
from diverticulitis may seriously interfere with resection of the colon for enr'^ 
cinonia. Inflammation of sigmoid diverticula may result in adhesions to adjacent 
organs, notably the bladder. Appendices cpiploicae may contain diverticula and 
for that reason are not to be ligated. In 5 instances he has noted abdominal wall 
infections from perforation of a diverticulum on the loop of a colostomy. In hi.s 
experience perforation of a diverticiiliiiii resulted once from colonic irrigation, 
twice from obstruction. In 2 instances he found pylephlebitis caused by diver- 
ticulitis. 


Dr. Henry W. Cave, New York, N. Y., discussed the surgical treatment of in- 
tractable chronic ulcerative colitis. In those instances in whicli medical measures 
have failed and the disease has persisted in a severe and intractable form, the 
only hope of cure lies in eradication by total, or in the segmental form by partial, 
colectomy. In. his experience appendccostomy cccostoiny, and colostomy have no place 
in the treatment of this disease as they are intended to permit irrigations which 
are not effective. After careful preparation of the patient, colectomy is performed 
in three or four stages. Ileostomy as the preliminary step is csscnlinl Five weeks 
later, colectomy, removing the ascending, transverse, descending, and part of flip 
sigmoid colon. Two to six mouths later combined resection of tlio remaining colon 
and anus is performed. Ho has performed 6 colectomies witli no deaths. After 
colectomy the terminal ileum assumes the functions of the colon to a certain extent 
and the discharges become less fluid, but this transition of function in the ileum 
occurs only after the colon lias been removed. 


Dr. John Gerster, New York, N. Y., in discussing Dr. Cave’s paper, said that 
one of his patients had had a ceco.stomy for ten year.s and wanted this cccostoiny 
closed as the ulcerative colitis seemed to be dormant. N-ray, however, .showed a 
colon with the lumen alnio.st obliterated, the barium .showing in parks as only a thin 
line. 


Dr. Fred Banldn, Lexington, ICy., president of the Association, discussed this 
jiaper in some detail. He called attention to the fact that iicocolostoniics and snh 
total colectomies are rarely indicated bccau.se .segmental involvement is rare. 


Dr Arthur W. Allen, Boston, ktass., gave a splendid paper on cnrcinonia of 
the stomacli witii .special reference to total gastrectomy. At the Jfiis.sac^ii.sctt.s 6cn- 

and seventy-six of these wore .subje.;ted to subtotal gastrcctonl^ and H «> t ’(nl 

carcinoma He advocates amistowosis of the long loop of jejuiiuiii o _ 

of the esophagus, anchoring the jejunum to the diaphragm, 

dependent portion of the loop of jejunum, and a jejunostomy distal win. I. is iroiigl t 
nut of a side stall wound for feeding, fa fhi.« .scries of 1.7 i>!>tients, / ari' dead, . .irc 
rdivc without recurrence, 1 twelve ...outlis and I four .ve.'ir- nfter nperuliims. 
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Dr. Addison G. Brenizer, Charlotte, N. C., demonstrated excellent results oh- 
tained by the use of an original method of fascial implants in the repair of harelip 
'and cleft palate. 

Discussing Dr. Brenizer ’s paper in which Langenbeck’s operation was men- 
tioned, Dr. H. J. Boldt, New York, N. Y., treated the assembly to some historical rem- 
iniscences. "When he was very young, having suffered a broken arm, he was a patient 
of the great Langenbeck. He stated that in convalescence Langenbeck each day had 
him go to the abbatoir’s and take two types of baths, the so-called "blood bath" in 
which he immersed his arm in a bucket of fresh beef blood for half an hour, 
followed by an "intestinal bath’’ in which he bathed his arm in the opened abdominal 
cavity of a freshly killed beef for half an hour. He thought it would be interesting 
for the members to know how the old methods contrast with the new. 

Dr. J. Barrett Brown, St. Louis, Mo., showed beautiful results obtained by 
grafts in surface defects of the hand. Pull thickness grafts were more frequently 
used; occasionally a pedicle graft was used. Careful dissection of scarred tissue 
and meticulous attention to detail were stressed. 

Dr. Lawrence R. Wharton, Baltimore, Md., described a new technique of 
reconstructing the vagina and reported its successful use in 4 cases. The technique 
consists of making a stent, or mold, of balsam wood covered by rubber which is 
inserted after dissection between the rectum and bladder in the normal location 
of the vagina. The stent is left in for approximately three weeks and epithelium 
grows in from the surface to completely line this new cavity which retains its 
adequate size. Microscopic sections of the wall of these patients have been taken 
and are found to be entirely healed over with stratified squamous epithelium. 

Dr. K. L. Sanders, Memphis, Tenn., discussed cysts of Gartner’s duet. He 
reported a case of a large cystic mass occurring in the anterior vaginal wall and 
protruding from the introitus which initially looked like a prolapse but proved to 
be a cyst in the anterior vaginal wall. It extended on over to the wall of the 
bladder, was successfully removed at operation, and contained a thin mucilaginous . 
fluid. Its location and pathologic characteristics proved it to be a cyst of Gartner’s 
duct. 

Dr. William T. Black, hlemphis, Tenn., reported 3 cases of hernia through 
the posterior vaginal wall. This is a true hernia, has a sac, and is to bo differen- 
tiated from rcctocele, with wliich it might be confused to the great regret of a 
surgeon. One of his patients was nulliparous; 1 case occurred after trauma. Treat- 
ment consists in isolation of the sac, excising it and repairing the defect. 

Dr. W. D. Haggard, Nashville, Tenn., in discussing this paper, stated that he 
had had one such case which he had cured by opening the sac and packing the 
culdcsac from below with gauze, thus producing adhesions which cured the hernia. 

Dr. William E. Lower, Cleveland, Ohio, reported an interesting case of diver- 
ticulum of the urethra in a woman. Such a possibility is to be kept in mind in 
instances where there is prolonged urinary frequency or dysurin. Diagnosis is made 
by urethroscopy, probing the diverticulum, and injection of a radiopaque medium. 
Treatment consists in complete excision and primary closure of the urethra. 

In discussing this Dr. Guy Hunner, of Baltimore, Md., reported 3 cases, showing 
slides of each, in which a stone was found in a diverticulum of the urethra. 
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a compound fracture resulting from a blow with a stick. Both recovered. One 
however developed tetanus during convalescence, and under huge doses of 
serum and avertm to control convulsions the patient recovered. 

Dr. Mtos Gage, New Orleans, La., gave a verp complete discussion of pilonidal 
amus. Differentiating it from sacrococcygeal dimple, he discussed the various 
etiologic possibilities and nhy the evidence is greatest in f.avor of the condition 
being a remnant of the neurenterie canal. Among important points in the treat- 
ment of the condition are accurate localization of the sinus by lipiodol injection 
and x-ray and by preliminary injection of the sinus on the fiftli, fourtli, and tliird 
days preceding the operation witli methylene blue to stain tiic tract. Tiie sinu.s 
is excised completely and primary closure is made, obliterating the dead space ivith 
sponge pressure. All 42 cases Iie.alcd u-itliont recurrence. 


Dr. L. Wallace Prank, Louisville, Ky,, discussed thoracnplasty in the treat- 
ment of tuberculosis with special reference to tlic Semb procedure.' Dr. Frank be- 
lieves that the Semb operation is an epochal advance in flie treatment of tuberculosis 
as it permits release of the apex and closure of cavities witli resection of a minimum 
number of ribs, thus preserving more of the normal lung and accomplishing with 
greater certainty closure of cai-ities tlian by other metliods of thoracoplasty. 

Dr. Byrd C. Willis, Bocky Mountain, N. C., reported 104 cases of empyema 
in children occurring in years 1915 to 1937. There were 5 deaths. There wore 
79 cases under eleven years of age with 4 deaths. All cases arc treated by interrib 
puncture with trocar and insertion of a tube. Careful attention to tlic after-care 
is necessary, being sure that drainage continues satisfactorily by persistent irriga- 
tions. No chronic empyemas developed. The procedure has the advantage of 
being a relatively simple method of obtaining satisfactory drainage. A miniinnm 
scar is left 


In discussing this p.aper, Dr. Janies Mason, of Birminghnm, Ala,, said ho had 
employed rib resection on a similar group of cases with l.G per cent mortality. 
Other discussions showed differences of opinion on the method of obtaining drain- 
age, but all agreed that different methods with careful attention to detail would 
accomplish satisfactory end-results. In discussing this paper, Dr. George A. 
Hendon, of Louisville, Ky., stated that he had used effectively warm air passed 
over iodine with which to irrigate the empyema caidty. 


Dr. James D. Bives, New Orleans, La., read a paper on pulmonary nhsecss and 
discussed the factors influencing mortality. In 230 eases occurring in Clmrity 
Hospital from 1929 to 1930 and at Touro Infirmarj’ from 1920 to 1930, there were 
100 deaths. The mortality was liigiicr before ten (02 per cent) and after forty years 
of age Tlie kmown mortality in this series is 42 per cent. One hundred and ninefy-.st.v 
of tlio cases were treated medically with a mortality of 44 per cent and 43 per cent 
were treated surgically with a mortality of 33 per cent. He does not hcheve dumtmn 
of abscess is an important factor in the mortality. However, the amount of hmg .n- 
volvement is a very important factor. Single abscesses resulted in the S-o per cent 
mortalitv; bilateral abscesses, in 93 per cent; multiple abscesses in a single lobe, in 
per cent; and abscesses in multiple lobe., in one lung, in 45 per cent morfnblj. W 
L 100 fa(.al cases onlv 23 cases hud cxtrapiilmonary and c.vtrapicural roniphva. 
tions Ho believes that surgical treatment is indicated in abscesses located perip e 
er.'illv and in cases which do not re.spond to conservative measures. .Isfiira nn 
of the abscess and artificial pnenmothor.nx have no place in the Ireafment of fhi., 

condition. 
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Dr. Addison G. Brenizer, Charlotte, N. C., demonstrated excellent results ob- 
tained by the use of an original method of fascial implants in the repair of harelip 
'and cleft palate. 

Discussing Dr. Brenizer ’s paper in which Langenbeck’s operation was men- 
tioned, Dr. H. J. Boldt, New Y ork, N. Y., treated the assembly to some historical rem- 
iniscences. When he W'as very young, having suffered a broken arm, he was a patient 
of the great Langenbeck. He stated that in convalescence Langenbeck each day had 
him go to the abbatoir’s and take two types of baths, the so-called "blood bath” in 
which he immersed his arm in a bucket of fresh beef blood for half an hour, 
followed by an "intestinal bath” in which he bathed his arm in the opened abdominal 
cavity of a freshly killed beef for half an hour. He thought it would be interesting 
for the members to know how the old methods contrast with the new. 

Dr. J. Barrett Brown, St. Louis, Mo., showed beautiful results obtained by 
grafts in surface defects of the hand. FuU thickness grafts were more frequently 
used; occasionally a pedicle graft was used. Careful dissection of scarred tissue 
and meticulous attention to detail were stressed. 

Dr. Lawrence S. Wharton, Baltimore, Md., described a new technique of 
reconstructing the vagina and reported its successful use in 4 cases. The technique 
consists of making a stent, or mold, of balsam wood covered by rubber which is 
inserted after dissection between the rectum and bladder in the normal location 
of the vagina. The stent is left in for approximately three weeks and epithelium 
grows in from the surface to completely line this new cavity which retains its 
adequate size. Microscopic sections of the wall of these patients have been taken 
and are found to be entirely healed over with stratified squamous epithelium. 

Dr. R. L. Sanders, Memphis, Tenn., discussed cysts of Gartner's duct. He 
reported a case of a large cystic mass occurring in the anterior vaginal wall and 
protruding from the introitus which initially looked like a prolapse but proved to 
be a cyst in the anterior vaginal wall. It extended on over to the wall of the 
bladder, was successfully removed at operation, and contained a thin mucilaginous . 
fluid. Its location and pathologic characteristics proved it to bo a cyst of Gartner 's 
duet. 

Dr. William, T. Black, Memphis, Tenn., reported 3 cases of hernia through 
the posterior vaginal wall. This is a true hernia, has a sac, and is to be differen- 
tiated from rectocele, with which it might be confused to tlie great regret of a 
surgeon. One of his patients was nulliparous; 1 ease occurred after trauma. Treat- 
ment consists in isolation of the sac, excising it and repairing the defect. 

Dr. W. D. Haggard, Nashville, Tenn., in discussing this paper, stated that ho 
I'ad had one such case which he had cured by opening the sac and packing tlio 
culdesac from below with g.auzo, thus producing adlicsions which cured the hernia. 

Dr. William E. Lower, Cleveland, Ohio, reported an interesting case of diver- 
ticulum of the urethra in a woman. Such a possibility is to be kept in mind in 
instances where there is prolonged urinary frequency or dysuria. Diagnosis is made 
by urethroscopy, probing the diverticulum, and injection of a radiopaque medium. 
Treatment consists in complete excision and primary closure of the urethra. 

In discussing thi.s Dr. Guy Hunner, of Baltimore, Md., reported 3 cases, showing 
slides of each, in which a stone was found in a diverticulum of the urethra. 
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Dr. Curtis Tyrone, N^yr Orleans. La., read a paper on tl.o co.nparativc study 

Dr ? J Ser Vsterectomies performed by the late grea't 

Dr. C. J. Miller and himself in the ycare 1930 to 103G. inclusive. 316 (40 per cent)’ 
uere supravapnal hysterectomies; 137 (20 per cent), complete abdominan.rsterec 
ni.es 311 (40 per cent), vaginal hysterectomies. The causes for hv.sfcrcctomies 
Here hbroids in 3S2 eases; fibrosis and chronic metritis in 238 eases'; and pelvic 
endometritis in 74 eases. Other causes were present in the remaining cases. The 
oi^rative time is no factor in determining which operation to use, because the 
difference in the average time necessary to perforin each of the three types of 
operations is not greater than five minutes. He reported the commendable mortality 
of 1.9 per cent for supravaginal hysterectomies; 2.2 per cent for complete abdominal 
lysterectoniies; and O.C-i per cent for vaginal hysterectomies. Combined mortality 
was 1.4 per cent. 


Dr. Walter E. Dandy, Baltimore, Md., repoflod a case of an intracranial 
aneurysm wliicli be first saw soon .after its initial symptoms. E.\-p] oration revealed 
a small aneurysm of the circle of Willis, wliic). had raptured and formed a small 
false sac and which was pressing on the tliiid nerve, lie put a silver clip around 
the neck of the aneurysm sue and fulgurated tiie aneurysm itself. Complete cure 
resulted. Hot all aneury.sms at tlii.s location are amenable to surgical treatment 
because of (1) the difficulty of di.agnosis and (2) the difficulty of approach of 
certain arteries. 

Dr. Kudolph Matas, New Orleans, La., discussed Dr. Dandy 'paimr. 
He reviewed in great detail the problem of aneury.«ms of the circle of Willis and 
stated that tliis was the first true arterial aneurysm of the circle of Willis which 
had been cured by ocelu.sion. He believes that er.aninl encephalognipliy opens great 
possibilities for diagnosis of these conditions. 


Dr. Waltman Walters, Eochestcr, JKnn., reported 7 cases of suprarenal cortical 
tumors in which operation had been done and in which recovery followed. Ifc 
emphasized the difficulty of differentiating between adrenal cortical tumors and 
pituitary basophilism. Adrenal cortical tumors may niash midcr clinical characteris- 
tics similar to those of pituitary basophilism and, therefore, doubtful eases should 
have the adrantage of an c-vploration of the adrenal glands. Not all tumors of the 
adrenal glands produce typical virilism or changes in the .secondary sex eharaetcristics. 
In some instances the changes arc very mild and because tlie-so tumors tend to be 
malignant early diagnosis is imperative. Recovery in 7 conseciilivo cases ho at- 
tributes to increased knowledge of the disturbed physiologic processes and to hotter 
postoperative care. This consists of administration of large amounts of .sodium 
chloride and sodium citrate and the daily adiiiinislrntion of an ad«|.iale amount 
of cortical hormone in flic immediate postoperative period. 


Dr. Loyal Davis, Chicago, Ilk, discussed the surgical problem of hypertension. 
Dr. Davis’ indications for surgery in essential hypertension are extremely rigu . 
He accepts only those eases which have a potentially reversible blood pressure and 
which, on the other hand, do not respond to medical 
tion of eyan.ate. The pressure must be .above 200 sy.stobc ...u 100 
there must be no evidence of renal impiiirmcnt due to glomerular d.im.ige. 
he has liad a small number of patients in which he has .tone a com . mod Mn.j-. 
thetic and splanchnic resection by the transthoracic method advocated la 
Of 0 patients operated upon, all have returned to their preof/orat.vc l.lood pressm. 
levels within ten d.ays. On tl.e other imnd, he had naothcr p.-itict who ua.s opernicd 
ujxm elsewhere and after returning to him, tfioagt. the jirossurc h.-td reached Jf- 
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previous level, the patient responded to cyanate therapy. In an additional case of 
Ids own the patient became sensitive to cyanate tlierapy after operation. Although 
the operation may not accomplish all that lias been hoped, it may change the 
patient’s response to cyanate, thus opening new possibilities for alleviating the 
condition. 

Dr. George Crile, Cleveland, Ohio, prefers to remove the hypogastric plexus for 
essential hypertension. He has found operations on the sympathetic system helpful 
in neuroeirculatory astlienia, recurrent liypertlyroidism, and hypertension and such 
vascular conditions as Raynaud ’s disease. He considers the adrenals and hypogastric 
plexus together as an organ whicli is an energy arsenal for use in emergency. As 
might be suspected, the lion, wliich lias the most tremendous burst of energy, lias 
relatively the largest adrenals and hyiiogastric plexus. In 21.1 cases of hypertension, 
after removing tlie iiypogastrie ganglia, at least symptomatic benefit has resulted 
in approximately 90 per cent of the cases. 

Dr. Howard R. Mahorner, New Orleans, La., discussed the modern treatment 
of varicose veins. In a test devised by himself and Dr. Alton Ochsner, New 
Orleans, La., it is possible to determine the exact level of leaks from the deep to 
the superficial system in the varicosed extremity. In those instances in which the 
valves of the saphenous vein alone arc incompetent, high ligation of tlie saphenous 
with injection of a sclerosing solution in the distal stem results in a cure. How- 
ever, in those instances in which tlie comparative tourniquet test shows incompetence 
of valves of the communicating veins as well as incompetence of tlie valves of the 
saphenous, not only high ligation of the saphenous is done, but also low ligation 
to reduce the retrograde flow from the deep to the superficial system. A moving 
picture demonstrating the test and treatment was shown. 

Dr. Hugh Gamble, Greenville, Miss., reported a new operation for tracheo- 
esophageal fistula and reported a case of tracheoesophageal fistula occurring in the 
newborn. He divided the stomach at the cardiac end, closed the distal part, .and 
made a gastrostomy. The proximal end, which was attached to the esophagus, 
was brought out tlirougli the alidominal wound permitting free drainage of the 
esophagus. The patient lived for fifteen days and died of iieritonitis due to a 
rupture of an ulcer of the stomach. 

Dr. K. H. Aynesworth, Waco, Tex., discussed pain in acute abdominal surgical 
emergencies. After reiterating the various theories relative to the transmission 
of pain from abdominal organs, evidence was advanced for accepting tlie theory 
that pain is transmitted by cerebrospinal nerves and not by sympathetics. jVnatomlc 
structure and disturbed physiologv- determine the type of pain, and the character 
and location of the pain are helpful guides to the correct diagno.sis. The relation- 
ship of local and referred pain to vnhous pathologic procc.«.sos in the abdomen was 
considered in detail. 

Dr. W. O. Bullock, Lexington, Ky., advocated the use of glass rods over which 
mattress sutures arc tied to prevent disruption of a laparotomy wound in cases 
which liave to be drained. 

Dr. Charles E. Eoblns, Richmond, Va., presented an operation for the cure of 
direct inguinal hernia. Dr. Robins drew attention to the fact that that part of a 
conjoined tendon wliicli is usually attached to Cooper’.s ligament is frcquentlv 
deficient in patients with indirect inguinal hernia. Dr. Robins’ operation consists 
of inserting a fascial suture, beginning at the firm suprapubic ligament catching 
the edge of the rcotus fascia, sewing it down over tlie cord to Poupart ’s' ligament 
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ofZ T 7 con,parative studv 

S C J Sner aa'n '“‘r"- b, the late grea't 

Dr. C. J. Mxller and himself in the years 1930 to 193G, inclusive, 31G (40 per cent) ’ 

Here supravaginal hysterectomies; 137 (2o per cent), complete abdominal hystercc- 
omies; 311 (40 per cent), vaginal hysterectomies. Tl.e causes for hysterectomies 
Here fibroids in .iS2 cases; fibrosis and chronic metritis in 238 cases; and pelvic 
endometritis in 74 cases. Otlier causes were present in the remaining cases The 
operative time is no factor in determining which operation to use, because the 
difference in the average time necessaiy to perform eacli of tl.e tl.rcc types of 
operations is not greater ti.aii five minutes. He reported the commendable mortalitv 
of 1.9 per cent for supravaginal hysterectomies; 2.2 per cent for complete abdominal 
hysterectomies; and 0.64 per cent for vaginal hysterectomies. Combined mortality 
Mas 1.4 per cent. 


Dr. Walter E. Dandy, Baltimore, Md., reported a case of an intracranial 
aneurysm which he first saw soon after its initial symptoms. Exploration revealed 
.a small aneurysm of the circle of Willis, wiiicli had ruptured and formed a small 
false sac and which was pressing on the third nerve. He put a silver clip around 
the neck of the aneurysm sac and fulgurated the aneurysm itself. Complete cure 
resulted. Eot all aneurysms at this location are amenable to surgical treatment 
because of (1) the difficulty of diagnosis and (2) the difficulty of approach of 
certain arteries. 


Dr. Eudolph Matas, New Orleans, La., discussed Dr. Dandy ’s paper. 
Ho reviewed in great detail the problem of aneurysms of the circle of Willis and 
stated that this ivas the first true arterial aneurysm of the circle of Willis M’hioh 
had been cured by occlusion. He Iielicvcs that cranial encephalography opens great 
possibilities for diagnosis of these conditions. 


Dr. Waltman Walters, Eochester, Minn., reported 7 cases of suprarenal cortical 
tumors in which operation Iiad been done and in which recovery followed. Ho 
emphasized the difficulty of diffeientinting between adrenal cortical tumors ami 
pituitary basopliilism. Adrenal cortical tumor.'i may ina.'il; under clinical characteris- 
tics .similar to those of pituitary basophilism and, therefore, doubtful casc.s should 
have the advantage of an exploration of the adrenal glands. Not all tunior.s of the 
adrenal glands produce typical virilism or changes in the secondary sex eharaeferislics. 
In some instances the changes are very mild and because these tumors (end to ho 
malignant early diagnosis is imperative. Recovery in 7 consecutivo cases he at- 
tributes to increased knowledge of the disturbed piiysiologic procos.scs and to ticttcr 
postoperative care. This consists of administration of large amounts of sodium 
chloride and sodium citrate .and the daily administration of an adof|uatc amount 
of cortical hormone in the immeiliatc postoperative period. 


Dr. Loyal Davis, Chicago, 111., discu.s.sed the surgical problem of hypertension. 
Dr. Davis’ indications for surgery in c.ssential hy;.prtcnsion arc extremely rigob 
Ho accepts only those cases which Imve a potentially rcvcr.s.Mc blood pressure amt 
wldcb on the other hand, do not re.spond to medical maaagomcaf and a.Imim.str.. 

: of cyaaa.c The pressure must he above 2«0 .systolic an f 

there must be no evidence of renal impairment due to glomerular d.mMgc. T 
he has had a small number of palient.s in which he ha.s done a coml.ims 
thctic ar splanchnic resection by the transthoracic method advoca ed by Vert. 
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Diseases of tlie Nervous System in Infancy, Childhood and Adolescence. By 

Prank M. Ford. Pp. 953, with 107 illustrations. Springfield, 111., and Baltimore, 

Md., 1937, Charles C. Thomas, Publisher. $8.50. 

This is an accurate and comprehensive text, perhaps somewhat voluminous (953 
pages) but almost necessarily so if the subject is to be presented well and brought 
up to date, as the author has done. Illustrative ease histories throughout the text 
comprise approximately 100 pages. The reviewer personally feels that case histories 
are unnecessary in a well-written text, such as this one is, and therefore that the book 
might have been shortened, to the extent of omitting these pages, without detracting 
from its subject matter. 

The first two chapters (148 pages) deal with tlie examination of the nervous 
system and the clinical aspects of the anatomy and physiologj- of the nervous S3'stem. 
In the succeeding chapters the autlior presents tlie diseases of the nervous system 
according, as he states in the preface, to a classification based primarilj- upon etiology 
with due emphasis upon clinical features, rather tlian upon a purelj' anatomic 
classification as is customar 3 -. This classification improves one's understanding of 
these diseases. The individual diseases are discussed both intelligentl 3 ' and in- 
telligibly. 

Following the discussion of each disease entit 3 ’ is a brief but carefulh- chosen 
bibliograph 3 ’. In the selection of the references the author favored those which are 
written in Englisli and which are easily available. 

There are not many cuts for so complete a book but those pictured are clear 
and illustrative. The print, paper, and binding are all of very good quality. 

The book is a medical rather than a surgical treatise; iience it is of most value 
to the neurologist and pediatrician, but valuable also to the neurosurgeon and in 
fact to any doctor of medicine. The reviewer, a neurologist, thoroughl 3 - enjo 3 -ed the 
book and commends the author upon his excellent work. 


Genital Abnormalities, Hermaphroditism, and Belated Genital Abnormalities. B 3 - 
Hugh H. Young. Cloth. Pp. 649, with 379 illustrations. Baltimore, 1937, 
The Williams and Wilkins Compana-. $10. 


The scope of this interesting and valuable volume is not fulh' indicated bv 
its title, since it covers not onl 3 ' hermaphroditism and pseudolierraapliroditism and 
abnorm.alities of the male genitalia, but also disturbances of the endocrine glands 
which influence the sex organs and characteristics. It contains both a thorough-c'oin" 
review of the literature and a detailed discussion of Dr. Young’s extensive experience. 
It is profusely and excellentU’ illustrated. 

The discussion of hermaphroditism in literature and art, the review of the 
embryology of the condition, and the engaging presentation of case histories of 
hermaphroditism and the much commoner pseudohermaphroditism make it an 
abbreviated counterpart of Neugebauer; but the discussions of the role of the 
endocrine glands in the production of these tuid related conditions, as well ns the 
admirably illnstnited descriptions of the operations required for their correc'tion 
make the scope of this book much greater than that of Xeugebauer’s. 
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Continuing in this plane suturing the iibers of tiio internal oblique and transversalis 
muscles to Poupart’s ligament. The aponeurosis of the e.vternal oblique is sutured 
over this. This supplants the dedeiencj’ in the conjoined tendon in these cases. 

Dr. Carrington Williams; Richmond, Va., advoented the use of an abdominal 
approach in the repair of inguinal liornia; (1) in cases with strangulated hernias, 
(2) where it is desirable to remove the appendi.v at the same operation, (3) for 
sliding hernias, (4) for congenital hernias, and (5) for cases in which there is 
an undeseonded testicle. The usual oblique incision is made, but after incising the 
aponeurosis of the external oblique a split-muscle incision is made above the level 
of the internal ring. The abdominal cavitr' is opened by incising the peritoneuni 
and the neck of the hernia lies imniediatoh- below this approach. The peritoneum 
is cut across posterior to the hernial orifice and the abdominal cavity is closed by 
suturing the anterior and posterior layers of the peritoneum. The hernial sac is 
then dissected out. This permits a good exposure, especially for such conditions 
as present a potential resection of the bowel or omentum, Tn the congenital hernia 
it is not necessary to remove the sac. Closure may be made in any one of the 
acceptable ways of repairing hernial defects in this region. 

Dr. E. H. Adkins, hXiami Beach, Fla., reported a case of a male, twonty-ilvo 
years of age, who after lifting had a sharp pain in the abdomen. Careful study 
revealed preoperatively a diverticulum of the descending colon. E.xploration, how- 
ever, revealed a spleen which was entirely below the level of the umbilicus, the 
lower edge of which was in tlie pelvis. Splenectomy resulted in cure. 

Among the high lights of the meeting were: an address by Dr. Irvin Aboil, 
Louisville, Ky., eharacterizod by symphonic eloquence and having all the pro- 
fundity and liigh-mindedness of a prayer by Samuel Johnson, and the presidential 
address by Dr. Fred Eankin, Lexington, Ky., p.aying tribute to the early history of 
the organization and touching in an illuminating mannor many of the successes 
on the road of surgery. 
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The remainder of the text is concerned primarilj- with a rather classic de- 
scription of the various types of intestinal obstructions caused by congenital atresia, 
imperforate anus, obturation, Hirschsprung's disease, hernia, volvulus, intussuscep- 
tion, etc. "Wliereas this is little more than a review of the accepted facts charac- 
terizing each entity, its lucid presentation mahes it a valuable addition. The text 
is adequately illustrated with appropriate and well-reproduced drawings and photo- 
graphs. The bibliography following each section, although not verj- extensive, 
contains the more significant and pertinent references. 

Whereas this monograph purposes “to set forth in a concise manner the im- 
portant aspects of the therapeutic problem in obstruction of the bowel as they 
appear to the writer,’’ actually it represents the recent progress and the most 
important contributions yet made in the management of this grave malady. 


Collected Papers of the Mayo Clinic and Mayo Poundation, Volume XXViU,- 1936. 

Edited by Bichard M. Hewitt, Lloyd Gr. Potter, and A. B. Nevling. Ed. 1. Cloth. 

Pp. 1331, with 212 illustrations. Philadelphia, 1937, W. B. Saunders Company. 

312. 

Collected from many sources of publication, these papers do a real service to the 
reading medical public in that they not only summarize the year’s productive work 
in the Eoohester clinic but in that, in many instances, they give authoritative and 
up-to-the-minute information on the medical questions of the day. Covering a wide 
range of subjects, they offer great interest to the general practitioner and to the 
specialist, “Wliat liappens to gastric acidity following operations for gastric 
and duodenal ulcer?’’ “Why do some gastroenterostomies fail to function?’’ 
These and many other questions are answered in 90 articles appearing in full, in 
50 by abridgment, in 80 by abstract, and in 50 by title. A few less than 300 con- 
tributors offer this material. Of unusual interest is Mann’s work on “Hepatic 
Physiology and Pathology’’ and the experimental work done in his laboratorj- on 
this and other subjects. 

Almost all of the subject material in this volume concerns itself with applied 
science as related to the practice of medicine. High lights are such subjects as, 
“Studies on the Influence of Certain Drugs in Relation to Biliary Pain,’’ “The 
Treatment of Infectious of the Urinary Tract,’’ “Reactions Following Operation 
for Hyperthyroid Conditions,’’ “Postoperative Effects of Pneumonectomy,’’ and 
many others of similar nature. Dr. W. d. Mayo contributes a mellow reference to 
“Librarie.s Useful in Their Day.’’ In short, this volume can be heartily com- 
mended fo anyone interested in clinical medicine and a study of its problems. There 
are but few who would fail to gain eonsidcrnble knowledge from its perusal. 


Textbook of Diagnostic Roentgenology. By Lewis J. Friedman. Pp. 02.3 witli 

038 illustrations. New York, 1937, D, Appleton-Centuiy Co. $10. 

The need for general trenti.scs on roentgen diagnosis is still apparent. This 
volume presumably fills a place Iwtwecn the brief text.s for students and the more 
elaborate, detailed reference books. 

With a wealth of clinical material at hi.s dispo.sal, the author l.as produced a 
very comprehensive survey of the subject. All phases of roentgen diagnosis are 
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WJiilo herMapJiroditism and pseudohermaphroditism are rare conditions, thev are 

every physician sl.ould familiarizo liimself 
«•>! ^ i-ccognuc them and in order to familiarize himself 

the possibilities of plastic surgery in enabling tiic patient to lead the satisfac- 
tory- se.Yual life which the disorder usually denies him. 


In addition Young discusses his e.vperience with the "adrenogenital syndrome" 
in w iicli abnormalities of the genitalia and sex characters have resulted from hrpor- 
plasia Or neoplasms of the adrenal cortex and de.=cribcs his operation for simul- 
taneous exposure of both adrenals, -n-hich he advocates to obviate the disastrous 
results of removal of a solitary gland. 


Allied conditions such ns arrhenoblastoma of the ovary, hyper- and hypogenital- 
ism, and gynecomastia are reviewed, and the relations' of 'the various endocrine 
glands to the se.xual organs and characteristics are reviewed. These are topics of 
lively interest tod.ay, and it is to be hoped that such investigations ns this, coupled 
with those of the e.\perimentnl endocrinologist, will lead at some future time to (he 
possibility of understanding them so thoroughly that exploratory- operations 
will become unnecessary. 


The author also reviews tlic literature, discusses his own e.xperienco, and describes 
in detail the operative treatment of hypospadias, epispadias, e.vsfrophy- of the bladder, 
cryptorchidism, congenif.al valves of the prostatic urethr.a, and atresia nni urothralis. 

Tin's book ought to be in the hands of every urologist; the general and plastic 
surgeon and the internist will find much of value and even of entertainment (tlie 
case reports of pseudohermaphroditism) in it. 


The Therapeutic Prohlem in Bowel Ohstnictions. By- Owen H. Wangensteen. 
Pp. 360, -with 90 ilhistrafioiis. Springfield, 111,, 1937, Charles C. Thomas. ?G. 


Few conditions in nwdieine have more provohingly- incited the clinica] and r.\- 
periniental investigator than the subject of acute intestinal obstruction, Tliiit tliis 
problem thoroiighir deserves such perennial inquin- and rcsolnte re.searcli is ninde 
obvious by tlic lamentable knowledge that until relatively- reeentiy- tlie mortality- 
attending this serious condition lias not liccn materially reduced in over a half 
eenturj'- However, it can bo stated with gratifying encouragement tliat during 
the past decade the lights from tlie e-xperimentnl laboriifoiy Iiave begun to dispel 
the Sty-gian clouds of obfuscation overhanging tliis grave and pcrplo.ving problem. 
Because no light has been more brilliant or more piercing fliim tliat of Wnngen- 
.Steen and his coworkors, a monograph on this subject by this investigator is eagerly 


received. 

Tlie auflior's deserving reception of the Samuel J>. Gross Prize .award lias efrccteil 
the publication of fliis compendium. Briefly, it i.s a concise clnlmration of the 
more important aspects of the therapeutic considerations in i.owcl obstruction m 
the light of (lie writer's inre.stigation.s and c.xpcriencc in tliis particular endea^or. 

Tlie first portion of the text is a iierspicacious exposition of the pliysmlogic 
effects and patl.ologic consequences of bowel obstruction and di.stent.on, tlic criteria 
C its earh recoe^tion, and a eritie.-.l analysis of the therapeutic value of various 
procedures .;nd agl-nfs. On the basis of extensive clinical 
tions, the author clearly demonstrates the rational eflicacy 
obstruction (rather than low) where fluid loss is predominant, jf 
,ion of blood transfusion in .strangulated ob.stnict.ons, 

sorvative decompression by .suction applied to a duodenal tube, and thi d...erniit, 
for operntion. 
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The remainder of the text' is concerned primarily with a rather classic de- 
scription of the various types of intestinal ohstruetions caused by congenital atresia, 
imperforate anus, obturation, Hirschsprung’s disease, hernia, volvulus, intussuscep- 
tion, etc. Whereas this is little more than a review of the accepted facts charac- 
terizing each entity, its lucid presentation makes it a valuable addition. The text 
is adequately illustrated with appropriate and well-reproduced drawings and photo- 
graphs. The bibliography following each section, although not very extensive, 
contains the more significant and pertinent references. 

Whereas this monograph purposes “to set forth in a concise manner the im- 
portant aspects of the therapeutic problem in obstruction of the bowel as they 
appear to the writer,’’ actually it represents the recent progress and the most 
important contributions yet made in the management of this grave maladj’. 


Collected Papers of the Mayo Clinic and Mayo Foundation, Voliune XXVIII, 1936. 

Edited bj’ Richard M. Hewitt, Lloyd G. Potter, and A. B. Nevling. Ed. 1. Cloth. 

Pp. 1331, with 212 illustrations. Philadelphia, 1937, W. B. Saunders Company. 

$ 12 . 

Collected from many sources of publication, these papers do a real service to the 
reading medical public in that they not only summarize the year’s productive work 
in tile Rochester clinic but in that, in many instances, they give authoritative and 
up-to-the-minute information on the medical questions of the day. Covering a wide 
range of subjects, they offer great interest to the general practitioner and to the 
specialist. “IVhat happens to gastric acidity following operations for gastric 
and duodenal ulcer?’’ “Why do some gastroenterostomies fail to function?’’ 
These and many other questions are answered in 90 articles appearing in full, in 
50 by abridgment, in 80 by abstract, and in 30 by title. A few less than 300 con- 
tributors offer tbis material. Of unusual interest is Mann’s work on “Hepatic 
Physiology and Pathology’’ and the experimental work done in his laboratory on 
this and other subjects. 

Almost all of the subject material in this volume concerns itself with applied 
science as related to the practice of medicine. Higli lights are such subjects as, 
“Studies on the Influence of Certain Drugs in Relation to Biliary Pain,’’ “The 
Treatment of Infections of the Urinary Tract,’’ “Reactions Following Operation 
for Hyperthyroid Conditions,’’ “Postoperative Effects of Pneumonectomy,’’ and 
ninny othcr.s of similar nature. Dr. W. J. Mayo contributc.s a mellow reference to 
“Libraries Useful in Their Day.’’ In short, this volume can be heartily com- 
mended to anyone intcrc.stcd in clinical medicine and a study of its problems. There 
are but few who would fail to gain considerable knowledge from its perusal. 


Textbook of Diagnostic Roentgenology. By Lewis J. Friedman. Pp, 023, witli 

63S illustrations. New York, 1937, D. Appleton-Centiirj- Co. $10. 

The need for general treatises on roentgen diagnosis is .still apparent. Tiiis 
volume presumably fills a place between the brief texts for students and the more 
elaborate, detailed reference books. 

With a wealth of clinical material at his disposal, the author has produced a 
very comprehensive survey of the subje.-t. All phase., of roentgen diagnosis arc 
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liilo licnnapliroditism and pseudoliCTOaphroditism arc rare conditions, tliov are 
of snc h nnportanee to tl.oir victims that every physician should familiarize himself 
uit 1 them both so that ho can recognize them and in order to familiarize himself 
\Mth the possibilities of plastic surgery in enabling the patient to lend the satisfac- 
tory sexual life ivliicli the disorder usually denies him. 


In addition Young discusses his experience with the "adrenogenital .syndrome” 
m which abnonnalitie.s of the genitalia and sex characters have resulted from Inper- 
plasia or neoplasms of the adrenal cortex and describes his operation for siiiiul- 
taneoms e.vposiire of both adrenals, which he advocates to obviate the disnstrotis 
results of removal of a solitary gland. 


Allied conditioms such ns arrhenoblasfoma of the ovary, hyper- and hypogenital- 
ism, and gj-iiecomastia are reviewed, and the relations of the various endocrine 
glands to the sexual organs and characteristics arc rcriowed. These are topics of 
lively interest today, and it i.s to be hoped that such investigations as thi.s, coupled 
u-ith those of the experimental endocrinologist, will lead at some future time to the 
possibility of understanding them .so thoroughly that e.xploratory operations 
will become unnecessary. 


The author also renews the literature, discusses his own c.xpcricncc, and describes 
in detail the operative treatment of hypospadias, epispadias, e.xstrophy of the bladder, 
cryptorchidism, congenital valves of the prostatic urethra, and atresia ani urethralis. 

This book ouglit to be in the hands of every urologist; the general and plastic 
surgeon and the internist will find much of value and even of entertninraont (the 
case reports of pseudohermaphroditi.sm) in it. 


The Therapeutic Problem in Bowel Obstructions. By Owen H. M'nngcastecn. 
Pp. 360, with 00 illustrations. Springfield, 111., 1037, Clmrlcs C. Tliomtis. $0. 


Few conditions in medieinc have more provokingly iiieitcd the rjinicn! and c.v- 
perimenta] investigator tiian the subject of acute intestinal obstruction. That this 
problem tliorouglily deserves such perennial inquiry and resolute ro.soarch is made 
obvious by tlic lamentable knowledge that until relatively recently the mortality 
attending tliis serious condition has not liccn materially reduced in over a linlf 
century. Ilowever, it can be stated with gratifying encouragement tiint during 
the past decade the lights from the c.vpcrimenfnJ hibornlory liavc begun to di.spcl 
flic Styginn clouds of obfuscation ovcrlmnging this grave and pcrplc.xing prolileni. 
Because no liglit has been more Iirilliant or more piercing flian that of tVangen- 
Steen and ids coworkers, a monograpli on this subject by tliis investigator is eagerlc 
received. 


Tim an11ior’.s dc.serving reception of the Samuel V. Gross Prize award has olTccUa) 
tlic publication of this compendium. Briefly, it is a concise elaboration ot th.> 
more important aspects of the tlierapcutic considerntioiis m bowel obstruction m 
the liglit of tl.c writer’s investigations and cxiwcncc in thi.s particular endcaior. 

Tlic first portion of tlic text is a perspicacious exposition of tiic pliysiologic 
effects and pathologic consequences of bowel obstruction and distention, the criten . 
for its early recognition, and a critical analysis of the therapeutic v.nlue of vnno .s 
procedures mid agents. On the basis of extensive clinical 
tions, the author clearer demonstrates the rational off.eney ^ “ '7, 

obstruction (rather than low) where fluid loss i.s predominant, B " Z 

tiou of blood transfusion in .-trangulnted obstructions, I he 

s Zatire decompression by sue, ion npplied to a dnodeo.al talc, and the 


indie.alions for operation. 



BOOK REVIEWS 


4S3 


The reader will find .that the book has been written for the internist, the surgeon, 
and the roentgenologist. It is based upon an experience with the surgical treat- 
ment of approximately 1,800 patients with pulmonary tuberculosis. The surgeon 
will be particularly interested in the chapters dealing with the various types of 
operations that may be used in obtaining collapse of the diseased lung. The 
indications for and the contraindications to ten such operative procedures are 
considered in detail. Each procedure is classified by adequate illustrations, con- 
sisting of line drawings together with serial x-rays which show the jireoperative 
and postoperative condition of the lungs. The description of the operative tech- 
nique is in most instances given in great detail. Possibly the Semb procedure and 
the employment of electrosurgery for the division of adhesions deserve fuller con- 
sideration. The desirable and undesirable features of each operative procedure 
are impartially weighed and the interrelationship of the various procedures is 
discussed. A consideration of the different types of tuberculous empyema is 
particularly instructive as is also the chapter dealing with tuberculosis of the 
thoracic wall. 

Practically all of the boob, except for the parts dealing only with operative 
technique, will be of interest to the internist. The choice of patients for collapse 
therapy and the choice of procedure for the particular patient are given careful 
attention. Various types of pulmonary and pleural lesions are discussed from the 
viewpoint of the choice of the proper treatment. The causes of failure as well 
as success in the care of patients are fully considered. Of particular interest to 
the internist are the excellent chapters by Dr. John Blair Barnwell on pneumo- 
thorax and by Dr. Kirby Smith Howlett, Jr., on oleothorax. These subjects are 
thoroughly and carefully considered. 

The book will be of interest and help to the roentgenologist who works with 
and advises the surgeon and internist. The confusing shadows which may bo 
observed after operative procedures are discussed. The findings on fluoroscopic 
examination before and after various forms of treatment are described. 

Of interest to all will be the two excellent chapters by Dr. Max Pinner on 
"Physiological Principles of Collapse Therapy’’ and the "Pathology of Pulmonary 
Collapse. ’ ’ 

The book can be recommended without reservations ns an authoritative treatise 
of the subject. 


Neurology. By Boy E. Grinker, Chairman, Dcparlinciit of Neuropsychiatry, Michael 
Reese Hospital, and Professor, University of Chicago. Cloth. Pp. 999, with 40C 
illustrations. Springfield, HI., 1937, Charles C. Thomas. $8.50. 

The second edition of Grinker ’s Neurology is built up along the same logical plan 
as the first, with emphasis well laid on the cmbryologj', anatomy, and physiologj- 
of the various units of the nervous system as an introduction to a study of their 
pathology and abnormal function in disease. The anatomic figures, cross-section 
drawings, and photomicrographs leave little to bo desired. Succeeding chapters 
take up the spinal fluid, the functions of the motor unit, reflex activity, and sensation 
on which is based the technique of neurologic examination. In a similar wav careful 
descriptions of cerebellar function, muscle tone, the cxtrapyramidal motor system 
and the cerebral cortex precede the more purely clinical portions of the book. ' 
Prom a neurosurgical viewpoint, the chapter on intracranial tumor= written with 
the assistance of Dr. Pcrcival Bailey and Dr. Paul C. Buev and based on the 
extensive material to be found in the Univcr.sity of CT.icago Clinics, is thoroughly sat- 
isfactory. The descriptions of peripheral nerve and spinal cord tumors are also good 
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the physical principle., n,etho,ls of technique, and dark-roon. 
one book ^ therefore, a considerable material hctnccn the covers of this 


eormnf 1^7 ^ diagnosis is so extensive that a complete presentation 

cannot be adequately made in so limited a space. As a result, many subjecf.s are 
seated rather superficially. Tliere is, perhaps, too much empha.ri.s on tlie rarer 
diseases and the more bizarre roentgen manifestations. For example, bone tumors 
and infections are treated rather briefly while considerable space is devoted to the 
rare lesiongy such as leprosy^ osteopoikilosis^ etc. 


Certain features are open to specific criticism. In tlie fairly long chapter on 
fractures, nothing is stated as to methods of determining wlicfhcr a proper reduction 
has been made. The complete separation of acute from chronic osteomyelitis seems 
hardly justifiable. The use of the term "tubercular-' for "tuberculous" will no 
doubt be corrected in later editions. 


The materia! on intestinal obstruction is open to considerable question. The 
author apparently prefers to give barium by month rattier than by enema in .sus- 
pected cases, advice whicli will not be concurred in by most surgeons ami roent- 
genologists. Tlie impression is created that ileocecal intussusception is rare ami that 
only occasionally it can be diagnosed roentgenologically. Neither of these statements 
is sound. 

While other errors of a similar nature could bo pointed out, the materia! on the 
whole is sound and most of the points in dispute are not serious. 

The illustrations are well selected and rather well reproduced. A bibliography is 
included but it is undoubtedly not intended to be complete. The book is well in- 
dexed and well printed. 

The treatment accorded most of the subjects is too brief to sati.sfy the specialist 
in roentgen diagnosis, iniile it may have more value for other specialists, the same 
objection still obtains. To the general practitioner, however, this book should have 
considerable appeal. It enables him to obtain a brief and reasonably nutlioritative 
statement concerning almost any problem in which roentgen diagnosis is n factor. 
The concise and clear exposition of physics and technique will also he of value to 
this group. It is recommended as a valuable addition to the library of the phy.sioian 
practicing general medicine. 


The Collapse Therapy of Pulmonary Tuherculosis. By John Alexnrnier. tVith 

G70 illustrations. Springfield, Ilk, 11137, Charles C. Thomas. 

When Dr. Alexander’s first hook, The Surffen, of I’lilmnnan/ TuhmuUws. nj- 
peared in 1925, the surgicnl treatment of pulmonary tuhcrculosi.s was m if.s in- 
fancy throughout the world and particularly so in thi.s country u.s compared U, 
those of Central Europe. Due to a large extent to the excel ence of this first umk. 
the procedures which were discussed were rapidly adoided in America and tin 
increase in their use has been phenomenal. A iminber of 
found that some form of collapse, therapy is indicated m approx, mutely " 

of their patients. The advances made during the past twelve Im , m 

or loss compelled Dr. Ale.vandcr to rewrite the entire book, except ^ 

dealing witii historical matters. In addition the illustrations huie ' 

entirely replaocd and addmi to so fhnt there are .-tfiT figures timt emtam tn. h 
rate il'lustmtions. The sire of the hook is three or four Junes that of tfi U.. 
and the bibliography has incrc:i.«cd from approximately aOf) reference.^ , i 
than 3, .700. 
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The reader will find that the book has been written for the internist, the surgeon, 
and the roentgenologist. It is based upon an experience with the surgical treat- 
ment of approximately 1,800 patients with pulmonarj' tuberculosis. The surgeon 
will be particularly interested in the chapters dealing with the various types of 
operations that may be used in obtaining collapse of the diseased lung. The 
indications for and the contraindications to ten such operative procedures are 
considered in detail. Each procedure is classified by adequate illustrations, con- 
sisting of lino drawings together with serial x-rays which show the preoperative 
and postoperative condition of the lungs. The description of the operative tech- 
nique is in most instances given in great detail. Possibly the Semb procedure and 
the employment of eleetrosurgery for the division of adhesions deserve fuller con- 
sideration. The desirable and undesirable features of each operative procedure 
are impartially weighed and the interrelationship of the various procedures is 
discussed. A consideration of the different types of tuberculous empyema is 
particularly instructive as is also the chapter dealing with tuberculosis of the 
thoracic wall. 

Practically all of the book, except for the parts dealing only with operative 
technique, will be of interest to the internist. The choice of patients for collapse 
therapy and the choice of procedure for the particular patient are given careful 
attention. Various types of pulmonary and pleural lesions are discussed from the 
viewpoint of the choice of the proper treatment. The causes of failure as well 
as success in the care of patients are fully considered. Of particular interest to 
the internist are the excellent chapters by Dr. John Blair Barnwell on pneumo- 
thorax and by Dr. Kirby Smith Hewlett, Jr., on oleothorax. These subjects are 
thoroughly and carefully considered. 

The book will be of interest and help to the roentgenologist who works with 
and advises the surgeon and internist. The confusing shadows which may be 
observed after operative procedures are discussed. The findings on fluoroscopic 
examination before and after various forms of treatment are described. 

Of interest to all will be the two excellent chapters by Dr. Max Pinner on 
“Physiological Principles of Collapse Therapy’’ and the “Pathology of Pulmonary 
Collapse. ’ ’ 

The book can be recommended without reservations as an authoritative treatise 
of the subject. 


Neurology. By Koy 15. Grinker, Chairman, Department of Neurop.'iychiatry, Miclniel 
Reese Hospital, and Professor, University of Chicago. Cloth. Pp. D99, with 400 
illustrations. Springfield, 111., lOJT, Charles C. Thomas. 8S.uO. 

The second edition of Grinker 's Kcurology is built up along the same logical plan 
a.s the first, with emphasis well laid on the embryologj', anatomy, and physiologv- 
of the various units of the nervous system as an introduction to a study of their 
pathologj- and abnormal function in di.ceasc. The anatomic figures, cross-section 
drawings, and photomicrographs leave little to be desired. Succeeding chapters 
take up the spinal fluid, the functions of the motor unit, reflex activity, and sensation 
on which is based the technique of neurologic e.xamination. In a similar way careful 
descriptions of cerebellar function, muscle tone, the extrapyramidal motor system 
and the cerebral cortex precede the more purely clinical portions of the book. 

Prom a neurosurgical viewpoint, the chapter on intracranial tumors, written with 
the assistance of Dr. Pcrcival Bailey and Dr. Paul G. Buev and based on tlie 
extensive material to be found in the University of Chicago Clinics, is thoroughly sat- 
isfactory. The descriptions of peripheral nerve and spinal cord tumors are aBo good 
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In the account of trigeminal neuralgia the author states that “Frazier cuts the 
motor root for he fears that it may bear antidromic fibers to the mesenceplmlic 
nucleus and be responsible for those rare cases of persistent pain after the sensory 
roots have been cut.” Inasmuch as Frazier was primarily responsible for the mod- 
ern operation of selective section to spare the motor root, the reason for this 
statement is difficult to explain. There arc numerous minor inaccuracies in the chap- 
ter on the vegetative nervous system, such ns statements that the pharmacologic role 
of ergotamine is to stimulate tlio sjTupathetio fibers and tlint tlie vag\is constricts 
the gut and produces peristalsis, but relaxes the spliincters at the ■pylorus luid eccitui. 
The work of Cannon, Alvarez, and many others has shomi that the vagus carries 
both stimulator and inhibitor fibers, so that no such clear-cut response wilt ordinarily 
ensue. In the section on Kaynaud's disease the selection of p.atients .suitable for 
operation is not adequately described, and the discussion of the best surgical method 
to secure relief of vasospasm seems unnecessarily vague. Furtlicrmorc, in the light 
of recent experimental work, tlic di.agrams of heart and bladder innervation (Figs. Pd 
and 98) arc inaccurate. In Fig. 9G the direct cardiac nerves, which arc so important, 
in surgical intervention of angina pectoris, are omitted, while from Fig. 9S the reader 
would derive the view that there is a balanced sympathetic inhihitor-parasympathcfic 
motor tonus of the detrusor vesicno. The work of Bonny-Brown, of Evans, and of 
Miinro has clearly sliown that there is no such balanced control of bladder activity. 
To the neurosurgeon who has treated traumatic epilepsy on (ho lines laid down Iiy 
Penfield, tlie author may seem ovcr-conscrvativc when lie states that: “I have not 
seen this procedure [extirpation of a cortical scar] act to stop convulsions if all 
sedative medication such as luminal is withdrawn.” 

In comparison with oflier textbooks of neurology, which lack tlie excellent intro- 
ductory chapters of tiiis volume, it must be admitted that dilfcrcntial diagnosis and 
treatment of certain diseases do not stand out with the clarity of the preliminary 
anatomic and physiologic sections. An additionnl crilici.«m is that iinmerons im- 
portant climeal references have been omitted. For instance, in the chapter on 
muscular atrophies no mention is made of the differential test for myasthenia gravis 
with prostigmin. whicli was proposed in 1!)3S by Viets .and Sclnvnh. Mention of this 
omission must be made because the test is of the greatest value in ruling out sncli 
conditions as the chronic progressive ophthalmoplegia of von (Itaefe and hnlhar 


poliomyelitis, with wliich myasthenia gr.avi.s is often confused. 

Taken as a whole the text is most readable and gives a logical and cloar cnt 
understanding of the function of tlic nenous sy.“tcm in both health and dbense. The 
index is complete and satisfactory. In the reriewerV opinio., tlic sound anatomic amt 
nlivsiologie background of the work more than outweighs the clinical shortcomings 
wh'ich have been pointed out above. The book is not for the specialist who requires 
the complete picture and the most up-to-date information on clinical neurology 
but it can be recommended cntl.usiasticaHy for tl.e medical student and .lie general 
practitioner who require a single volume text on the fundamentals of neurologic 

disease. 
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One thing every patient requires 
and not the least essential — is sleep. 
Emotional disturbances resulting from 
worry, fear of operative procedure, or 
the outcome of disease often prevent 
needed test. While the indiscriminate 
use of sedatives or hypnotics is not ad- 
visable, there are many instances where 
their use is necessary to conserve physical 
resources. 

Ipral Calcium has been used for over 
12 years as a safe and effective sedative 
and hypnotic. In the usual therapeutic 
doses no untoward organic or systemic 
effects have been reported. Undesirable 
cumulative effect may be avoided by 
proper regulation of the dosage. 


Ipral Calcium (calcium ethylisopro- 
pylbarbiturate) is supplied in 2-gr. tablets 
and in powder form for use as a sedative 
and hypnotic, and in %-gr. tablets for use 
where it is desired to secure a continued 
mild sedative effect throughout the day. 

Ipral Sodium (sodium ethylisopropyl- 
barbiturate) is supplied in 2-gr. capsules 
for hypnotic use and in 4-gr. tablets for 
preanesthetic medication. 

Elixir Ipral Sodium — This preparation 
is useful where a change in the form of 
medication is desirable. One teaspoonful 
of the Elixir represents 1 gr. of Ipral. 
Available in l6 fl. oz. bottles. 

For literature address Vrojessional Service 
Department, 745 Fifth Avenue, New York 



MAOI tr I. (. saultl « SONS, MANUSACTUtlNO 
CHIMISTS TO THI MIDICAl riOrtSSION SINCt 1ISI 
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In tlie account of trigeminal neuralgia the author states that "Frazier cuts the 
motor root for he fears that it may bear antidromic fibers to the mesencephalic 
nucleus and be responsible for tliose rare eases of persistent pain after the sensory 
roots hare been cut. ’ ’ Inasmuch as Frazier was primarily responsible for the mod- 
ern operation of selective section to spare the motor root, tlie reason for this 
statement is difficult to explain. There are numerous minor inaccuracies in the cliap- 
ter on the vegetative nervous system, such as statements that the pharmacologic role 
of ergotamine is to stimulate the sympathefio fibers and that the vagus constrict.s 
the gut and produces peristalsis, but relaxes the sphincters at the pylorus and cecum. 
The work of Cannon, Alvarez, and many others has shown that the vagus carries 
both stimulator and inhibitor fibers, so that no such clear-cut respon.«c will ordinarily 
ensue. In the section on E.aj-naud’s disease the selection of patients suitable for 
operation is not adequately described, .and the discns.sion of the best surgical method 
to secure relief of vasospasm seems unnecessnriir vague. Furthermore, in (he light 
of recent experimental work, the diagrams of heart and bladder innervation (Figs. IK! 
and 9S) are inaccurate. In Fig. 90 the direct cardiac nerves, which are so important 
in surgical intervention of angina pectoris, are omitted, wliilo from Fig. 9S the reader 
would derive the view that there is a balanced sympathetic inhibifor-parasympaflictic 
motor tonus of the detrusor vesicae. The work of Denny-Brown, of Evans, and of 
Munro lias clearly shown that there is no such balanced control of bladder neiivity. 
To tlio neurosurgeon who has treated traumatic epilep.sy on the linos laid down by 
Penfield, tlie autlior may seem over-conserrativc when he states that: "I have not 
seen this procedure [extirpation of a cortical scar] act to stop convulsions if all 
sedative medication such as luminal is withdrawn.” 

In comparison with other textbooks of ncurologj-, which hack the c.veclleiit intro- 
ductory chapters of tliis volume, it must lie admitted that dift'orential diagnosis and 
treatment of certain diseases do not stand out with the clarity of the preliiiiiiinry 


anatomic and phy.siologic seetioii.s. An additional criliei.sm is that iinmerotis im- 
portant clinical references have been omitted. For instance, in the chapter on 
muscular atrophies no mention i.s- made of the diilerentinl tc.st for myasthenia gravis 
with prostigmin which was propo.sed in 19.1«> by A lets and Schwab. Mention of this 
omission must bo made because the test is of the greatest value in ruling out such 
conditions as tlie chronic progressive ophtlialnioplegia of von Graefe and bulbar 


poliomvclitis, with wliicli myasthenia graris is often confused. 

T.aken as a whole the text is nio.st readable and gives a logical ami cIoar-ciK 
understanding of (he function of the nervous system in both liealtli and disease. The 
index is complete and satisfactorv. In the reviewer's opinion the sound anatomic and 
physiologic background of the work more than outweighs the clinical sliortcomings 
wliich have been pointed out above. The book is not for the specialist who require.- 
the complete picture and the most up-to-date information on clinical neurology 
but it can be recommended enthusiastically for the medical student and the general 
practitioner who require a single volume text on tl.e fundamentals of neurologic 


disease. 
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Mix CAt C-rOSt with milk. 

If makes a delichut drink. 



Send for a profctshnal tamph 


HOFfMANN-lA ROCHE, INC, NUnEY,N:j. 
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STREPTOCOCCUS . . . MENINGOCOCCUS 
GONOCOCCUS and URINARY INFECTIONS 


I T can now be definitely staled, 
on the basis of hundreds of 
published reports, that Neopron- 
tosil and Prontylin (sulfanilamide) 
hove brought about a material 
reduction in the mortality rale of 
a number of virulent infections. 
Most striking is the radical change 
in the prognosis of such frequently 
fatal conditions as puerperal sep- 
ticemia and streptococcus menin- 
gitis. Almost of equal importance 
is the fact that the dvuation of 
many other less ominous but seri- 
ous infections due to hemolytic 
streptococci can now be greatly 
curtailed. These include otitis me- 


dia, mastoiditis, septic sore throat, 
erysipelas and scarlatina. 

In infections due to the meningo- 
coccus the results have likewise 
been highly successful. The death 
rate in this formidable disease has 
not only been lowered but recov- 
eryhasbeen appreciablyhastened. 

More recent clinical and labora- 
tory investigations have shown 
that a specific action is exerted 
also on the gonococcus and upon 
various organisms which com- 
monly invade the upper rmnory 
tract, causing such conditions as 
pyelitis, pyelonephritis and in- 
fected hydronephrosis. 


HOW SUPPLIED: Ncopronlosil Sterile SetuUon (2.5 and 5 per cent), 
ampules ol 5 cc., boxes of 5 and 50; bottles of 50 cc. with rubber 
diaphragm stopper. Also ampules (2.5 per cent) of 10 cc., boxes of 5. 

Prontylin tablets ol 5 grains and 7Vi gtains, bottles of 25, 100 and 1000; 
ropurified powder, bottles of 1 or. 

Booklet containing detailed inlomation. including discussion 
of by-cltects, sent to physicians on request 


niEOTRONrOSir 

Dlv>d;urr!-4 rj\{as5it!>7thcr.yl-2-ozo-7-<5celyl- 
«rvjn& I ■hydrc*vf.ophiha’f r.e 

rermerly Pronlosil 


■ wira i riHOPB 

^11 


^PRONTYtlN^ 

t.r^. V. S. Pat. 0(1. S Ccoaia 

Brand of SULFANILAMIDE 

^ p.Anti&obocran«Ku1toncc:fdc ^ 


VHNTHROP CHEMICAI COMPANY, INC. 

Phormoceuticoli ol mem lot the physician 

wmosoH.om. 

Factories: Rensselaer. N. Y. — Windstu. OnL 






Reprint of IJluminfltinff Enfflneerins 
Society Peper-Lishtlnff in ih. Hoepltol" 
«nd Luminaire Cafaloa Section L, 



TO ©® ¥[K111W1(§ WmiL 


To produce a suture which excels both in physi- 
ologic integrity and mechanical refinement calls 
for technical control, experience, and craftsman- 
ship of a type not easily acquired. It is a work 
which well deserves the full time and attention 
of an organization created solely for this purpose. 


Sotiu)® 


'•THIS osi Titi.vK irr. no" 



DAVI.S & GKCK. INC.. UUOOKI.VN, NEW YORK. U. S. A. 
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PLATE NO. 82 


Abdominal Incisions 



ALsoUite sterilization liy heat, without inip.ainncnt of tensile strength, is the daily 
production standard of Mthicon Sutures. .As taken from the sterile tubes, they 
jxisscss more tensile strength than is required to ligate the largest human blood 
vessel or to suture the densest human tissue, lithicon Sutures are produced by 
exclusive procedure.s, from the raw material to the final stage of packacinc and 
inspection in our laboratories. They are supple, smooth and uniform. 
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FOR GREATER SPEED AND ACCURACY 


Collins and Root found that pitressin 
(used an hour before cholecystography’) 
effectively eliminates confusing gas 
shadows. A lecithin mixture* replaced 
the “fat meal” to empty the gallbladder. 
Denser shadows were obtained for 
more accurate films from multiple oral 
doses of dye. The lecithin mixture and 
pitressin speeded up X-raying. A max- 
imal amount of sugar intake during 

1. Unless contmindic.itcd. 

2. One ounce or less of egg yolk, 
lecithin .md glAXcrine, 


cholecystography was suggested. 
(Radiology — Aug. 1937) 
lODEIKON,* the pure, original 
sodium tetraiodophenolphthalein, en- 
hances the advantages of modern gall- 
bladder radiology technique. Palatably 
administered by mouth, in fruit juice 
or carbonated water, lODEIKON fur- 
nishes shadows of unusual density. It 
is a medium universally preferred by 
radiologists. 

*r. M. Rrg. U. S. I’M. OJf. 

literatori; wou Ki:Qvi:.sr 



CHEMICAL WORKS 


CHICAGO 

PHILADELPHIA 

Snd AND MALUNCKRODT STREETS, ST. LOUtS, MO. 


TORONTO 
MONTREAL 
77 GOLD STREET, NEW YOPR. N. Y, 
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Catalog No. -I-IIS Complete 
PRICE, with Irrigation Bottle— $59.50 
Without Catheters 


F RITZ’S Automatic Drainage 
and Aspirating Apparatus is the 
newest development in continu- 
ous surgical suction drainage. It is 
positive in action, safe, silent and 
portable. It creates both positive 
and negative pressure. A special 
feature is that an irrigation bottle is 
attached to the apparatus as a stand- 
ard part of equi]iment. 


This new apparatus is advocated for 
Removal of Intestinal Obstruction 
— ^Pre-operatively and Post-opera- 
tively — ^Relief of Post-operative 
Distention and Vomiting — Gastric 
Lavage — Irrigation of Empyema 
Cavities — also an Important Ad- 
junct in Treatment of Duodenal 
and Intestinal Fistulas and Supra- 
pubic Drainage of Bladder. The 
only thing necessary to keep the ap- 
paratus in continuous operation is to 
reverse the frame holding the bot- 
tles one half turn when top bottle 
is empty. 

The standard Levin or other type 
catheters or duodenal tubes may be 
used with the Fritz’s Automatic 
Drainage and Aspirating Apparatus. 

V 

J. SKLAR MFG. CO. 

Brooklyn N. Y. 



For Sale Only Through 
Surgical Sufifily Distributors 




AUT0Ma\TJ c 
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Watson’s HERNIA 

Anatomy, Etiology, Symptoms, Diagnosis, Differential Diagnosis. Prog- 
nosis, and the Operative and Injection Treatment. 

New 2nd Edition — Completely Revised and Reset 

A COMPLETE treatise on liemia, its tuan^' operations for Jiernia Jinro been lie- 

fJinrmnsia finri f.rpflftrionf All 


diagnosis and treatment. All -varieties 
of abdominal and internal hernias are 
thoroughly and systematically considered 
from the standpoint of anatomy, etiologj', 
symptoms, diagnosis, dilTcrentinl diagnosis, 
prognosis, and operative treatment. 

adoption of the modern injection 
method for the treatment of certain 
types of reducible hernia, by many indus- 
trial corporations, insurance companies, 
and state industrial commissions, neces- 
sitated the revision of this book. Jfuch of 
the historical material has been omitted 
from the te.xt, .and tlie descriptions of 


raan^' operations for hernia have been de- 
leted because the.se procedures are not now 
in general use, being simply of historic 
interest in the development of hernia 
surgery. 

n’JlPIfASIS has been placed on tlio orig- 
inal Halstcd operation for inguin.al 
hernia by tlic silk technique, to conform 
to present-day practice, which is replac- 
ing fascia lata tran.splnnt in certain cases 
of large and recurrent inguinal hernin. 
The medicolegal chapter has been rewrit- 
ten to cmbr.aco the latest opinions of tlie 
insurance carriers and tlio rulings of the 
.state indu.strinl commi.ssions. 


Special Attention Given to Injection Treatment 

Partial Table of Contents 

Historical Introduction. General Considerations of Hernia. Complications of Strangu- 
lation. Partial Enteroccic. Hernial Tuberculosis. Hernia and Volvulus of the Omentum. 
Fatty Hcmin. Local Anesthe.sia in Hernia Operations. Inguinal Hernia. Anatomy of 
Inguinal Hernia. Etiology of Inguinal Hernia. Symptoms, Diagnosis and Prognosis 
of Inguinal Hernia. Treatment of Ingiiinnl Hernia. Inguinal Hernia in Infants and 
Cliildrcn. Injection Treatment of Hernia. (Covered in 8 clinpfors.) Femoral Hernia. 
Umbilical Hcmin. Ventral Hernin. Diapliragmafic Hernia. Infcrnnl Hernia. I.umbnr 
Hernin. Obturator Hernia. Sciatic Hernia. Perine.al Hernin. Sliding Hcmin. Kcriii.-i 
of the Vermiform Appendix. Hernia of Jfcckel’s Divert icubmi. Hernia of thi' Iththh-r. 
Hernia of the Ureter. Hernin of Ovarj-, Fallopinii Tube and Uten.*. Mr.l!r„h;:.;l 
Aspects of Honiia. 

(I^bU.ibcd March 36. 1D38) 

I i-ir-ii V- WVTSON' M t>.. Mcnilv-r of .‘a.-ifT, Ctllfoml i .j, I 

H>- l.I.K.II J-, VATt-u.-k. - ,0- .nr-i, CSI Itlw'tratS'O.-. I’Ht' '- *■ ■■ I 

IIo»pllnl,«, tys AliC't-r. • otif. .-a- pir - 
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V. MOSBY COMPANY— J^tih, Missouri 
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ONLY THESE SOLUTIONS ARE VACOLITER PROTECTED 



INTRAVENOUS SOLUTIONS IN VACOLITERS 



Are they on your storeroom shelves? 

They should he! 

Row on row, in thousands of America's Use Baxter’s Intravenous Solutions in 
hospitals stand these Vacoliters, keep- Vacoliters and you will soon find intra- 
ing their contents of Baxter’s Dextrose venous routine free from confusion . . . 

and Saline Solutions fresh, pure, sterile smooth in operation . . . completely 

... until a patient needs them. Baxter’s satisfying. We find that nurses and 
Intravenous Solutions in Vacoliters have doctors alike appreciate the simplicity 
made this storage possible . . . because of intravenous routine in hospitals 
in \hcoiiters Baxter's Dextrose and Sa- where Baxter’s solutions are used, 
line Solutions stay laboratory pure. That is why so many hospitals use 

Enjoy the convenience Vacoliters give Baxter’s Intravenous Solutions in Vaco- 
you. Enjoy the advantage of instant liters day in and day out. They have 

readiness. Enjoy the swiftness of set- found them sterile and pure, they have 

ting up Nhcoliters for administration. found them economical to use. 

The fine product of 

BAXTER LABORATORIES 

GtEXVlEW, ILL. COLLT.GE TOINT, N. Y. GLEKDALE, CAL. 

ToaOKTO.CASADA 

Produced and Distributed on the Pacific Coast by 
Don Baxter, Inc., Glendale, Cal. 

DjstrdnitcJ Eii.t! of the Rocl(ics hy 

THE AMERICAN HOSPITAL SUPPLY CORPORATION 

CillC.AGO NEW YORK 
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OF THE PERITONEUM OCCURS 


Coli-Bactragen is poured into the peri- 
toneal cavity at the operation just before 
closure of the abdominal wall. Coli- 
Bactragen attracts to the peritoneum an 
army of polymorphonuclears within three 
hours. This army attacks and ingests the 
bacteria before they have a chance to 
multiply and produce toxic substances. 
It takes twenty-four to forty-eight hours 
for peritonitis to develop following soil- 
ing of the peritoneum. It takes only three 
hours for Coli-Bactragen to mobilize the 
army of polymorphonuclears. 
Coli-Bactragen creates a safety margin of 
twenty-one hours. 

Coli-Bactragen is being used by prominent 
surgeons to prevent peritonitis. They 
know it is easier to prevent than to cure. 



Handbook of , 

ORTHOPEDIC 

SURGERY 

By ALFRED EHTIS SHANDS, JR., 
B.A., M.D., Associate Professor of Sur- 
geiy in Charge of Orthopedics, Duke 
University. In Collaboration with 
RICHARD BEVERLY RAJTEY, B.A., 
M.D. 

593 pages, IG9 illustrations. Price, $5.00. 

• 

America has become crippled-child- 
minded. More progress has been 
made in recent years in this field 
than in possibly any otlier field of 
medicine or surgery. This new 
book by Shands will help to make 
America more crippied-child-mind- 
ed. It presents the fundamental 
facts and principles of orthopedic 
surgery in as concise a manner as 
possible, yet presenting enough 
detail. 

CONTENTS: Congenital Deformities. Af- 
fections of Growing Bone. Affections of 
Adult Bone. Infections of Bone. Infec- 
tions of Joints. Tuberculosis of Bones 
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>>EXERCISE«< 

Exercise is an important factor in the treatment of constipation. Of equal 
importance are suitable diet and a regular habit time for bowel movement, 
which under the present mode of living, are often difficult to enforce. Eor the 
patient who is unable to exercise or adhere to a suitable diet a regular bowel 
movement may be brought about and maintained with Petrolagar ... It assists 
in establishing a regular bowel movement because it mixes intimately with 
the feces to form a soft, easily passed stool . . . Petrolagar is prepared in five 
types for choice of medication. Petrolagar Laboratories, Inc., Chicago, Illinois. 

Pclrolagar — Liquid petrolatum 65 cc. emulsified 



D (ERSUASfON may be ever so forceful, but 
experience alone engenders true conft- 
' Jll dence. The Lilly Research Laboratories 
have reason to be glad that the doctor's memory is 
long, that his judgment is based on results, that his 
conhdence in therapeutic agents depends on fact 
and not on hearsay. Between the medical profes- 
Sion and Eli Lilly and Company there exists a 
bond of respect that is the natural outgrowth of 
long years of responsible dealing with each other. 
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Original Communications 


Symposium on Biliary Disease 


THE EFFECT OF RECENT ADVANCES IN BILIARY PHYSIOL- 
OGY ON THE JIORTALITY FOLLOWING OPERATION 
FOR COilUrON DUCT OBSTRUCTION 


I. S. Ravdin, SI.D., J. E. Rhoads, il.D., W. D. Fraziek, M,D., 

AND A. W. Udin, M.D., Phidadelphia, Pa. 

CFrom the Earrison Department of Surgical Desearch, School of Medicine, University 
of Pennsylvania, and the Sospital of the Surgical Clinic of the 
University of Pennsylvania) 


TN NO field of .surgery has tlie phy.sioIogic approach to pi’oblenis of 
A pre- and postoperative care had greater influence than in the treat- 
ment of common duct obstruction. Largely on the basis of experi- 
mental studies special methods of treatment have been introduced. It 
is no\v time lliat we evaluate the effects of this treatment by an analj'sis 
of clinical restilts. 

Between 1922 and 1937, 155 patients with obstructive jaundice were 
opeiafed upon at the Hospital of the University of Pennsvlvania under 
the observation of the senior author. It has not been possible to test 
each new addition to the treatment, but the series falls into three 
faiilj equal chronological groups Avhich afford comparison of three 
subs! ant ially different therapeutic regimes. 

In addition to the effect on gross mortality, the effect on the in- 
cidence of those postoperative complications peculiar to jaundiced pa- 
tients has been studied. Of thc.se the most important is postoperative 
hemorrhage. “Pancreatic asthenia” and the so-called liver deaths 
have also been considered but their incidence is too low to permit 
statistical analysis in n series of 155 cases. 

1 observed from 1922 


These patimits revived small amounts of glucose bv vein before 
o^mn. No consistent effort was made to raise the-earbohSe 
IOr,.|v.^I tor puMIc.-vtlon. Jnniinr)' 25. 103?. 
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iiifakc in the diet in the early years of this group, altlioxigli in tJie final 
years tin’s was done. Preopei-alive transfusions were not employed 
null after 0 ])eration transfusion only rarely was resorted to unless the 
patient was in e.xtremis. Biliai-y decompression was practically never 
practiced. Eefeecling of bile was not practiced even when excessive 
quantities of bile were lost. The bilirubinemia in general was not 
allowed to become constant before operation. Liberal doses of cal- 
cium were routinely administered in the earlier part of this period. 
The usual anesthetic for operation was ether, administered by the 
open-drop method. 

Group II . — The second group, consisting of 47 patients, was admitted 
between 1929 axid 1933. The principal dilferenee in treatment was the 
routine administration of glucose intravenously during both the pre- 
operative and postoperative periods. High carbohydrate diets were 
ordered in addition, and it became the practice to make frequent van 
den Bergh determinations and to defer operation until a time when 
the bilirubinemia was constant. Blood traiasfusions were employed 
only oceasionallj' in the preopei'ative period. In those patients who 
drained excessive amounts of bile, a ixortion of this bile was refed by 
stomach tube. Occasionally a decompression apparatus was used. The 
use of calcium was abandoned except in rare instances. In this group 
spinal anesthesia and ether were used to about the same extent. 

Group JJ7.— The third group of 49 patients covers the period from 
1933 to 1937. 

Glucose solutions with and without saline were given freely by vein 
both before and after operation. Blood transfusions were also given 
routinely both before and after operation. A method for gradual de- 
compression of the biliary tract after operation was used extensively. 
The practice of operating only during periods of constant bilirubi- 
nemia was continued. These differences are summarized in Table I. 


Table I 

Vakiations in Pbe- akp Postoperative Therapy 



I 

1923-1929 

59 

0 

II 

1929-1933 

47 

■f 

III 

1933-1937 

49 

+ + 


The incidence of postoperative hemorrhage, “pancreatic asthenia - 
Table II. 
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Table n 


IKCIDEN’CE or POSTOI’EKATIVE HEMOREHAGE, ASTUEXIA, AXI) L.1YER SHOCK 


GROUr 1 

1 

postoperative 

nEMORPOIAGE 
(PEP. CENT) 

paxcbeatic 

ASTHEXIA 
(PEU CEXT) 

LIAXE SHOCK 
(PEE CEKT) 


22.0 

2.0 

2.0 


19.1 

2.0 I 

4.2 


1S.4 

0.0 

0.0 


20.0 

1.3 

2.0 


It appears that “pancreatic asthenia” and liver shock have been 
encountered with decreasing frequency. Postoperative hemorrhage, 
however, remains a common complication of operations upon jaun- 
diced patients, but it has been possible to reduce the degree of the 
bleeding and the mortality of the complication. This is shown in 
Tabic III. 

Table III 


The Rel.wio.s- ok IRistoixkative Hemokehaoe to AIoktawtv 


(illOl'P 

SEMBEE 
i OF 

I'ATIEXTS 

: XUMPER 

POSTOPERA- 

TIVE 

BEEF.niNG 

i PATIENTS 
B\nXG 
PRIMARILY 
OF HEMOR- 
RHAGE 

lIEMOn- 
1 rhage 
! mortality 
(per cent) 

1 FATAL 

CASES 

1 IK wmen 

1 HEMOr,- 
P.UAGE 
OCCCBP.ED 

GROSS 
AIOKTALITV 
OF PATIEXTS 
IVUTH FOST- 
1 OPEr.ATlVE 
HEiCOR- 
KHAGE 
(per CENT) 

I 

39 

13 

5 

8.5 

9 

69.0 

ll 

47 

9 

2 ' 

4.2 : 

3 ! 

33.0 

III 

49 

! 9 

1 

2.0 

O 

22.0 


An analysis ot tlie causes of death in the three groups is sum- 
marized in Table IV. The deaths recorded in the last column of Table 
I\ Here due to pnevnnonia, wound rupture, malignancy, cerebi'al 
flirombosis, peritonitis, and other conditions encountered in many 
types of surgical patients. 

Before erediting the various therapeutic measures outlined with the 
imin-ovement in mortality, it is nece.ssary to eompai'c the three groups 
in respect to age, duration of jaundice, and tlie type of anesthesia 

Table IA* 
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used. Unfortunately tlie data were not available in eveiy case. Table 
V .shows these comparisons for those eases in which the necessary in- 
formation was on record. 


Table V 


or.oup 

MKAN 

AGE 

1 DUIt.WlOX OP JAUNDICE 

1 ANESTHESIA 

1 TO 14 
D.WS 

(PER CENT) 

15 TO GO 
BAYS 

(PER CENT) 

OVER 60 
DAYS 

(PER CENT) 

ETHER 

(per cent) 

SPINAL 

(per cent); 

I 

51.4 

49.0 

29.0 

22.0 

03.0 

17.0 

n 

49.S 

5S.5 

37.5 

4.0 

45.0 

59.0* 

III 1 

49.9 1 

42.5 

39.4 

IS.l 

12.0 

S2.0 


•Some patients had ether and spinal anesthesia. The occasional use of nitrous 
oxide and oxygen or local anestlicsia is not tabulated. 


DISCUSSION 

The surgery of any vital organ necessarily presents special prob- 
lems related to impaired or suspended function of that organ. This is 
peculiarly true of surgery of the liver where one deals with an un- 
paired organ many of the functions of which are even now not clearly 
understood. There is no general agreement among plysiologists on 
many of the functional activities of the liver and much less agreement 
on how others of these are accomplished. In addition, the liver has 
so great a functional reserve that there are no means now available of 
accurately discovering the extent of early stages of liver damage. 
None of the suggested tests of liver function gives definite significant 
information until the liver damage has progressed to a considerable 
degree One of the most important sequelae of long standing cho- 
lecystitis and common duct obstruction is damage to the liver paren- 
chyma The chief mechanisms by which the damage is brought about 
are infection, interference with blood supply with resultant anoxemia, 
and the effects of pressure on the hepatic cells. 

1,1 obstractire j.TObdice, due to stone, there is freqiienflj-, ,f not .sl- 
Jts some inteetion. This is evidenced bj- the e nils ...cl fever so 
seen in the intermittent common dnet obstrnet.on deser.becl 

i;”ch.i.n The eveinstion 

«bet.meti.n ot the eommon bile dne, 

“‘■re:::-; h'ii^:.™, » 

against a pressure obstacle of as ln„h 
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liver is not capable of rapid distention. Varying degrees of obstruc- 
tion to blood flow result and tlie anoxemia thus produced contributes 
still further to liver injury.^'' The observations of Levy and Blalock^^ 
that common duct obstruction is associated with an increased portal 
venous blood flow are at variance with the many observations we have 
made showing portal venous congestion and an increased portal 
venous pressure during complete ductal occlusion. The rupture of 
biliary capillaries may lead to areas of necrosis. The circulation may 
ad.iust itself by an increase in the portal "venous pressure, but when 
the ductal occlusion is suddenly released massive hyperemia and ex- 
travasation may result as demonstrated by Ravdin and Frazier^® and 
by Klopp and Cantarow.^® 

Oi’er twenty years ago Opie and Alford^® called attention to the pro- 
tection which a high carbohydrate diet afforded the liver against the 
necrotizing effects of chloroform. Since that time it has been sup- 
jiosed that the presence of an adecpiate liver glycogen protected the 
liver against the injury imposed by volatile anesthetics. In work soon 
to be reported from this department it will be demonstrated that a 
greatly increased glycogen level does not protect the liver against 
injury if there is simultaneously present a high level of the liver fat. 
Although in general the Rosenfeld-® hj’-pothesis of a reciprocal rela- 
tionship between liver glycogen and liver fat may be maintained, we 
have encountered so man 3 ' exceptions to this generalization that it is 
not safe to conclude that a high liver glycogen concentration neces- 
sarih' indicates a low liver fat concentration. Furthermore, should 
chronic liver injuri' result in an increased content of liver fat, it mav’ 
be more difficult to displace the fat by the simple administration of 
carbohydrates. Goldschmidt, Vars, and Eavdin® have stated that the 
amount of fat present in the liver is the most important factor in con- 
ditioning necrosis following the administration of fat soluble anes- 
thetics and that the protective role of the carbohj'drate depends upon 
displacement of the liver fat during the deposition of liver gh'cogen. 

It is less casj' to explain ivlij- glucose decreases the clotting time in 
obstructive jaundice'* and why, even though it maj' not affect bleed- 


ing or clotting time, it seems to reduce hemorrhage mortality. Clini- 
cians are agreed, however, that the patient with a damaged liver fares 


better on a high earbohj'dratc intake. It is generalL' agreed that the 
main object of carbohydrate therapy is to produce a high glycogen 
level in the liver, but it is not so generally understood by clinicians 
that the succc.ss of this therapy depends in largo part upon the simul- 
taneons displacement of liver fat. It is often difficult to do this in the 
iwcsonc.e of (common dii.d obstruction as evidenced by sections of the 
hver from some of the itatients in Group Til of this series (Fi-.' 1). 

In ]Dl\o Kavdiid'* recommended that intravenous infusions of -iu- 
eosc be used to snppJen.ent a high carbohydrate diet in the preopera- 



810 


SUKGERY 


tive period. Experiments, soon to be reported, have shown that in 
the dog it is possible with large intravenous glucose infusions and 
strenuous oral administration of carbohydrates to produce a high liver 
glycogen in dogs whose common ducts have been obstructed. Ad- 
mittedly this form of obstruction is often not comparable to the clini- 
cal types where even more intensive therapy is necessary. 

Of all the problems peculiar to the surgery of jaundice, none has 
received more attention than the tendency to hemorrhage. This tend- 
ency may be so marked that spontaneous bleeding may occur from the 
mucous membranes. Usually, however, it occurs from the operative 
site, sometimes from the wound, sometimes from the bile passages, and 
sometimes from both. 



Pig. 1. — ^Photomlcrosraph of autopsy specimen of liver from a patient •with long- 
standlnn common duct obstruction after thorough pre- and postoperative treatment 
with carbohydrates. 

Many authors have regarded this bleeding tendenejr as due to a 
d.eficiency of some of the normal constitnents required for the clotting 
process. Gunther and Greenberg" have shown that neither the ionized 
nor nonionized calcium is deficient in the blood of patients with com- 
mon duct obstruction unless there is an associated seium piotein de- 
ficiency, when only the nonionized calcium level is disturbed. 

It is not improbable that in children, as in young dogs, a lov cal- 
cium level frequently accompanies jaundice and it is true that the scrum 
calcium is frequently lowered in the presence of bj popro ememia , 
but the serum protein is markedly low in only the exccptiona at ult 
patient with obstructive .iaundiee. We do not feel that the e.xperi. 
mental data or our clinical experience justifies the preoperative use 
of calcium and we have abandoned its use since 1932 except in chil- 
dreii and in the presence of hypoproteincmia. 
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The recent investigations of Nj^gaard^" and Quick and others^ in- 
dicate a deficiency of prothrombin in the blood of the jaundiced 
patient but Eagle^ has not been able to demonstrate a prothrombm 
deficiency in the blood of animals ivith obstructive jaundice. The recent 
suggestion that vitamin K may be deficient in these patients is of con- 
siderable interest. 

Not only has the cause of the hemorrhagic tendency remained ob- 
scure but* innumerable attempts to determine preoperatively which 
patients will and which will not bleed have been in the main unsuc- 
cessful. 

Several general considerations are believed to influence the hemor- 
rhagic tendency. Thus, it is believed that the duration of the jaundice 
is a factor in producing the hemorrhagic tendenc 3 L The data com- 
piled from this series of eases lend some support to this belief (Fig. 2). 

As in all other hemorrhagic diatheses, recourse is ultimately had to 
transfusion. In the third period of our clinical studj^, transfusion has 


No. of 
cases 


30 -f 


"Non bleeders 
“Post op. bleeders 


85 cases 
80 cases 


80 + 


10 



4- ‘ 6 ' 8 ' 18 ' 16 

'Weeks Puratiion of Jaundice 

Flp. 2. — The rclnUon of the duration of jaundice to the incidence of postoperative 

hemorrhage. 

been used pvophj'lacticallj'. The fact that the incidence of hemor- 
rhage has not declined would seem to throw serious doubt on the ad- 
vantage of preoperative transfusion ivithont other indications, such as 
anemia. However, we believe that, although the hemorrhage inci- 
dence lias remained the same, the degree of hemorrhage has been 
markedly reduced, and that we have been less alarmed bj- the extent 
of the bleeding. In fact, we have recorded some instances of post- 
opci alive bleeding that might have been disregarded bj* some observers. 

'Hie occasional occurrence of hj'poproteinemia in patients with 
hihary tract disease and tlic frequent association of hj'poprotcinemia 
with delayed wound licnling=‘ we believe would espccinllv indicate 
tran.sfusion before operation. No doubt serum transfusion would 
.serve ns well for this purpose ns whole blood. 

Progressing from the preoperative measures based on scientific ex- 

experience, one comes 

finalh to tlie selection of the time for operation with respect to the 
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level of tlie v!iii den Bei-gli test. It has long been eustomaiy to post- 
IKine operalion in I lie face of decreasing jaundice as long as the serum 
bilirubin conliuues to fall. It has been found wiser, however, similarly 
to i)o.slj)onc oi)eration, if flie jaundice is increasing, until a eonstant bili- 
rubin level has been reached (Walters"). 

The auestlietie agent used for operation undoiibtedly has a very 
imi)orlant bearing on the patient’s recovery. Obviously the known 
anesthetics causing liver injury, chloroform, avertin, and divinyl 
ether are eontraindieated. As prolonged diethj'l ether anesthesia, 
especially when associated with anoxemia, is capable of producing 
similar liver injur.v,^ we believe that it is to be avoided when possible. 

The studies of Kield” and Ookbschmidt, Ravdin, and Lueke“ indicate 
that the liver cells are exceedingly sensitive to a reduced oxygen ten- 
sion. If this be true, the use of any gas mixtures, which do not provide 
ample o.vygcn in the blood, is likely to be harmful. We have no evidence 
that cyclopropane is harmful though, like local anesthesia, it is unlikely 


to permit sufficient relaxation for adequate exposure. 

The anesthetic of choice, we believe, is spinal anesthesia. The chief 
drawback, that of a drop in blood pressure with reduction in blood 
flow throrxgh the liver and resultant liver anoxemia, may be overcome 
in most cases by the use of ephedrine preoperatively. 

Dur’ing the postoperative period, the problem of liver insufficiency 
may persist in even greater degree because of trauma and anesthesia 
and treatment during this period must be designed to meet this. The 
glucose intake must be kept up and as the patient seldom takes much 
by mouth during the initial phase of the postoperative period a con- 
tinuous venoclysis of a glucose solution should be given. A high car- 
bohydrate diet should be given as soon as possible. 

The problem of keeping up the o.xygen supply of the liver paren- 
chjona presents several important aspects. It is of prime importance 
in this regard to maintain the respiratory exchange and to prevent 
atelectasis or other pulmonary complications lo this end it is the 
rule to insist on hourly change in position and hourly deep breathing 
exercises reenforced, if cooperation is not forthcoming, bj inhalations 
of oxygen (90 per cent) and carbon diox.d (10 per cent) Any tend- 
eney for mucus to collect in the bronchial tree is combatted with ex- 
nee orants steam inhalations, and regular encouragement of the pa- 
tient to eou"h To reduce incisional pain during coughing, a tight 
binder is applied and often an attendant supports the patient’s abdo- 
mf with Z hands during the attempts to cough up the mucus. 

Afropiue k not ep,pl».ved »s ,va ^ 

tions thicker and more likely to occlude the bronchi. 

A transverse or subcostal incision is used routnicl.i nliich seems to 
permit abdominal respiration sooner than the right rectus incisions. 
On the basis of the statistics collected by Ravdni and Kern,” 
reasonable endeavor is made to complete the operation m as .short a 
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time as possible. In occasional instances patients have been given 
oxygen tbcrapj^ after operation ivitb the hope that higher oxygen ten- 
sion would lead to better oxygenation of the liver cells. 

Anemia should be corrected preoperatively and if much blood loss 
is sustained at operation, it should be promptly repaid by transfusion. 
It is of particular importance to prevent any depletion of blood volume 
as the resultant circulatory adjustment may seriously lower the arte- 
rial ox 3 ’'gen tension and blood flow to the liver maj’’ be seriously 
reduced. 

The importance of biliary decompression has already been referred 
to and is discussed fully by Ravdin and Frazier.^” While admitting 
the theoretical advantages of clamping the common duct before it is 
opened as recommended bj^ Culligan,® the practical disadvantages of 
this maneuver have j'et to be overcome. After the tube is sutured into 
the common duct, decompression .should be carried out b.v a continuous 
method rather than by the intermittent method of Culligan. 

The incidence of “pancreatic asthenia” became extremely low -with 
the introduction of the practice of refeeding bile to patients with pro- 
longed excessive bile drainage. Bj’’ increasing the pressure in the 
drainage tract with a decompression apparatus, the excess bile can 
usnallj' be forced into the duodenum, thus obviating the cumbersome 
method of refeeding bile through a stomach tube. 

“Liver shock,” like “pancreatic asthenia,” has become a rare com- 
plication. As a condition similar to “liver shock” regularly appears 
in dogs when the hepatic arterj’- is ligated, it seems possible that this 
condition is related to liver anoxemia. It would seem possible that 
an occasional instance of human liver shock might be due to uninten- 
tional ligation of an hepatic arteiy or to thrombosis of this vessel 
during convalescence. This condition is included bj' Hej’d® and b.v Boj'ce 
ajid JIcFctridge^ in their discussions of so-called liver death. It is 
nearly alwaj's encountered in the group of patients who die within 
forij'-eight hours with high fever. 

These authors describe a second .s.vmptom-complex, the hepatorenal 
syndrome, which they consider a later phase of the same process. This 
is characterized by increasing oliguria leading to anuria and terminal 


uremia, ten to fourteen da.vs after operation. Only one patient in this 
series died in uremia. No autop.sy was obtained, and it has been im- 


possible to determine whether this case belongs in this group. 

The largest single factor in the operative mortality of jaundiced 
patients was hemorrhage. Tin's occurred in about 20 per cent of the 
patients in each of the three groups but rc.sulted fatallv in a decreas- 
ing percentage in the later group.s. The treatment of hemorrha-e has 
been transfusion. In one case twenty-two transfusions were given before 
a fayorahle outcome was achieved. Locally attempts have been made 
to -he,,, tl.e henmrrhage with stryphnon gauze packs, but packing 
usnalh aoeompbshes I.„Ie. When hemorrhage from the ducts persists 
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le\el of tJie van deii Bcrgli test. It has long been eustomai’y to post- 
t>onc opeiatiou in the face of decreasing jaundice as long as tlie sei'uin 
bilirubin continues to fall. It has been found wiser, however, similarlj’ 
to post2)ono operation, if the jaundice is inci’casing, until a constant bili- 
rubin level has been reached (Walters--). 

The anesthetic agent used for operation undoubtedly has a very 
important bearing on the patient’s recovery. Obviously the known 
anesthetics causing liver injury, chloroform, avertin, and divinyl 
ether are contraindicated. As px-olonged diethyl ether anesthesia, 
especially wdien associated with anoxemia, is capable of producing 
similar liver injury," we believe that it is to be avoided when possible. 

The studies of Eicld" and Goldschmidt, Eavdin, and Lucke® indicate 
that the liver cells are exceedingly sensitive to a reduced oxygen ten- 
sion. If this be true, the use of any gas mixtures, which do not provide 
ample oxygen in ihe blood, i.s likely to he harmful. We have no evidence 
that cyclopropane is harmful though, like local anesthesia, it is unlikely 
to permit sufficient relaxation for adequate exposure. 

The anesthetic of choice, we believe, is spinal anesthesia. The chief 
drawback, that of a drop in blood pressure with reduction in blood 
flow through the liver and resultant liver anoxemia, may be overcome 
in most eases by the use of ephedrine preoperativelj-. 

During the postoperative period, the problem of liver insufficiency 
may persist in even greater degree because of trauma and anesthesia 
and treatment during this period must be designed to meet this. The 
glucose intake must be kept xtp and as the patient seldom takes much 
by mouth during the initial phase of the jxostoperative period a con- 
tinuous venoclysis of a glucose solution should be given. A high car- 
bohydrate diet should be given as soon as possible. 

The problem of keeping up the o.xj'gen supplj' of the liver paren- 
chyma presents several important aspects. It is of prime importance 
in this regard to maintain the respiratory exchange and to prevent 
atelectasis or other pulmonaio- complications. To tin’s end it is the 
rule to insist on hourly change in position and hourly deep breathing 
exercises reenforced, if cooperation is not forthcoming, by inhalations 
of oxygen (90 per cent) and carbon dioxid (10 per cent). Any tend- 
enev for mucus to collect in the bronchial tree is combatted with ex- 
pectorants, steam inhalations, and regular encouragement of the pa- 
tient to cou"h. To reduce incisional pain during coughing, a tight 
binder is applied and often an attendant supports the patient’s abdo- 
men with bis hands during the attempts to cough np the mucus. 
Atropine is not employed ns we believe it makes the bronchial secre- 
tions thicker and more likely to occlude the bronchi. 

ti’ansverse or .subcostal incision is used routinely which seems to 
nermit abdomin l.„respiration sooner than the right rectus incisions. 

On the b ' ■ .statistics collected by Eavdin and Kern,^s eveiy 

rcasona complete the operation in as short a 
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time as possible. In occasional instances patients liaTe been given 
oxygen therapy after operation ivith the hope that higher oxygen ten- 
sion would lead to better oxygenation of the liver cells. 

Anemia should be corrected preoperatively and if much blood loss 
is sustained at operation, it should be promptly repaid by transfusion. 
It is of particular importance to prevent any depletion of blood volume 
as the resultant circulatory adjustment maj' seriously lower the arte- 
rial oxygen tension and blood flow to the liver maj’' be seriouslj^ 
reduced. 

The importance of biliai'y decompression has already been referred 
to and is discussed fully by Ravdin and Frazier.^® Wliile admitting 
the theoretical adi'antages of clamping the common duct before it is 
opened as recommended by Culligan,® the practical disadvantages of 
this maneuver have yet to be overcome. After the tube is sutured into 
the common duct, decompression should be carried out by a continuous 
method rather than by the intermittent method of Culligan. 

The incidence of “pancreatic asthenia” became extremely low with 
the introduction of the practice of refeeding bile to patients with pro- 
longed excessive bile drainage. B.v increasing the pressure in the 
drainage tract with a decompression apparatus, the excess bile can 
usually be forced into the duodenum, thus obviating the cumbersome 
method of refeeding bile through a stomach tube. 

“Liver shock,” like “pancreatic asthenia,” has become a rare com- 
plication. As a condition similar to “liver shock” regularly appears 
in dogs when the hepatic artery is ligated, it seems possible that this 
condition is related to liver anoxemia. It would seem possible that 
an occasional instance of human liver shock might be due to uninten- 
lional ligation of an hepatic ai’tery or to thrombosis of this vessel 
during convalescence. This condition is included by Heyd® and by Boyce 
and JlcPetridge^ in their discussions of so-called liver death. It is 
nearly always encountered in the group of patients who die ivithin 
forty-eight hours -with high fever. 

These authors describe a second symptom-complex, the hepatoi’enal 
syndrome, which they consider a later phase of the same process. This 
is characterized by increasing oliguria leading to anuria and terminal 
uremia, ten to fourteen days after operation. Only one patient in this 
series died in uremia. No autop.sy was obtained, and it has been im- 


possible to determine wliether this case belongs in this group. 

The largest single factor in the operative mortality of jaundiced 
patients was hemorrhage. Tliis occurred in about 20 per cent of the 
patients in each of the three groups but resulted fatally in a decreas- 
iim pereentagm in the later group.s. The treatment of hemorrhage 1ms 
h-en transfusion. In one ease twenly-Iwo transfusions were given before 
a favorable oui.-ome was achieved. Locally aftempt.s l.ave heen made 
<> eheeh the hemorrhage with .slrj-phnon gauze packs, hut packhm 
nsnally aecomphshos little. When hemorrhage from the duct.s persists 
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for several days, it may be wise to remove all the drainage tubes, 
including the tube from the common duct. 

After the release of common duet obstruction, several weeks may 
pass before the liver bile shoAvs evidence that hepatic function has 
returned to normal. A higli carbohydrate intake should be maintained 
not merely until jaundice has disappeared but until bile salts haA'e 
reappeared in good concentration and the cholesterol concentration 
returns to noi-mal in the bile. Except in the face of persistent hemor- 
rhage over a considerable period, the common duct tube should not be re- 
moved until these changes can be demonstrated. It is also routine to 
uiject the tube Avith lipiodol for x-ray visualization of the common 
duet before its removal. 

The lag period between the release of obstruction and the recovery 
of liver function cannot be too strong^ emphasized. Judd, Snell, and 
Hoerner” have reported bleeding in patients in Avhom jaundice was no 
longer present but in Avhom Ihmr injury remained. A similar ease was 
observed in the Hospital of the University of PennsylAmnia in 1936. 

COKCLUSrONS 

1. A group of 155 patients operated on for obstructive jaundice has 
been analj^zed for the effect of a changing pre- and postoperative 
regime on morbidity and mortality. 

2. The operative mortality has been greatly reduced. 

3. The incidence of postoperative hemorrhage has not been indu- 
enced b 3 '' changes in our preoperative preparation ; but the degree and 
extent of the hemorrhage have been influenced and the mortality from 
postoperative hemorrhage has been markedty reduced. 
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APPLIED PHYSIOLOGY OP LIVER 

L. A. CrandaiiIj, Jr., Ph.D., M.D., akd A. G. Ivy, Ph.D., M.D., 

Chicago, Ilc. 

(From the Department of Fhysiology and Pharmacology, Northwestern University 

Medical School) 


T O APPRECLVTB the advances made within the last three decades 
in onr knowledge of the functions of the liver, one need only turn 
to the first essentially modern textbook of physiologj’’ (Schafer, 1898). 
The general principles of carbohydrate and protein metabolism had 
been laid down, hnt little was known of the metabolism of fat in this 
organ, of the secretion of bile aside from the general chemical con- 
stitution of this fluid, or of the many other functions of the liver. 
Little of the information ai’ailahle was capable of clinical application. 
Since the turn of the century, details have been supplied in those fields 
where only broad generalizations had been available, and many facts 
directly applicable to medical practice have been discovered. As is the 
ease in all branches of science, discovei-ies that possess great practical 
significance may be in themselves but minor details of the general 
picture, and are often entirely dependent upon an immense amount of 
previous experiment and observation which has but little immediate 
applicability. 

Notwithstanding the advances that have been made, the functions 
of the liver remain one of the least developed frontiers of medicine. 
When the liver is removed surgically, death ensues within about twelve 
hours unless glucose be given to maintain the blood .sugar level. But 
even though the normal blood glucose range be maintained, death can- 
not be postponed more than twenty-four to thirty-six hours at the 
most. The cause of the fatal termination which then occurs is un- 
known. And it is significant that this is true of no other organ in the 
body; in every other instance cither the cause of death is known or 
replneement therapy is ctTective. Contributions dealing with new 
aspects of hepatic activity ore frequent; for example, only within the 
lust few years has it become apparent that the liver is primarily con- 
cerned with the metabolism of oxalic and citric acids. Although such 
accretions to our information may not ho immediately applicable, they 
serve to fill in the picture which, as it grows more aiid more complete, 
will iuereasingly permit the treatment of hepatic disease to be placed 
on a sound and logical basis. 


.\s new facts are discovered, there is a tendency to attempt an im- 
im^e appheation for the purpose of testing liver function. The 
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Obstacles facing a “liver function test" have often been emphasized. 
The large factor of safety, some 80 per cent of the organ being re- 
movable without apparent change; the diversity of functions, giving 
no assurance that impairment of one function means deficient activity 
of the organ as a whole; the difficulties of experimental investigation 
and especially of clinical studj'^; all these complicate a study of the 
functions of the liver and even more seriously disturb an evaluation 
of the state of those functions by arbitrary tests. A discussion of the 
liver is most eonvenientlj' divided according to the various tj’pes of 
metabolic activitj'^ with which this organ is coneerjied. Since it is 
questionable whether anj' of our pr-esent tests of liver function are 
satisfactory, these are best included in the discussions of those func- 
tions which they purport to evaluate. 


THE SECRETION OF BILE 


Since cholecystitis and cholelithiasis are more common than any 
other biliary tract disease and are apparently far more common than 
all affections of the liver itself, the gall bladder has attracted more 
clinical interest than any other part of the liver and biliary tract 
system. Eay^ has recently analyzed a large number of human gall- 
stones and finds no essential difference in chemical eonstitrrtion be- 
tween those that have been referred to as calcium-eholesterol-pigment 
stones and those called cholesterol-pigment stones. Stones from the 
same gall bladder were always very similar and even stones of differ- 
ent appearance and of presumably different types did not vary in any 
consistent or striking mannei’. Eiegel and others- have since found 
calcium to vary from traces to 28 per cent, Avhile the cholesterol values 
given are usuallj'^ above 70 per cent. Even such variations do not 
neeessarilj^ bespeak multiple causes for calculus formation, while Eay’s 
conclusions are compatible with the concept that a single factor may 
be the primary cause. "Walsh and Ivy® have discussed the various 
theories that have been proposed and have come to the conclusion, 
which must be that of any impartial observer, that at present no defi- 
nite decision can be reached concerning the relative importance of pH, 
stagnation, decreased concentration of bile salts, and other possible 


factors in human cholelithiasis. 

A consistent and striking observation is the decreased conccutratiou 
of bile salts found when stones are present in the ga ac f ei or when 
the gall bladder is damaged.-^ Since the f 

the solution of all the lipids in bile, including 
stration of a decrease in bile .salt concentration 

of a direct relationship of this change to stone foiniafi . It shniiUl 
be noted also that both bile .salt and cholesterol concenfiation 
been found bv Eiegel, Eavdin, and Bo.se” to be decreased he hihnry 
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drainage of patients with liver damage; the decrease in bile salt con- 
centraUon Avas proportionately greater than that of cholesterol. Boll- 
man and Mann® have produced evidence that the liver is the sole site 
of bile salt formation, that it plays the major role in the destruction 
of bile salts, and that liver poisons, such as chloroform, carbon tetra- 
chloride, or tetrachlorethylene, can produce such a marked decrease 
in bile salt formation that only traces are present in the bile. If one 
considers the tempting hj’pothesis that the mechanism of stone forma- 
tion is a precipitation of fatty acids and cholesterol secondary to a 
decrease in bile salt concentration, then it appears that this decrease 
may occur cither as a result of impairment of liver function or because 
of increased absorption of bile salts through the wall of a damaged 
gall bladder.-- ' 

An important consideration arising from the demonstration that the 
production of bile salts may be so greatlj' decreased by liver damage 
is the questionable value of returning such bile to the gastrointestinal 
tract as is the usual practice in cases of biliar}-^ fistula. The value of 
bile for the digesth'e tract, according to all information, lies in its bile 
salt content. It Avould seem far more beneficial to administer bile salts 
by mouth in the maximum dosage tolerated than to return drainage 
bile in Avhich the bile salt concentration may be negligible. 

It should bo noted that Golber^® has observed an increase in choles- 
terol and a decrease in bile salt in the bile in thyrotoxicosis, and dis- 
cusses tlie bearing on gallstone formation. Riegel and others^^ have 
removed specimens of gall bladder bile from living pregnant Avomen 
at term and fonnd an increased cholesterol and decreased bile salt 
content; this suggested to them both a change in the character of the 
liA’cr bile and a decrease in the absorptiA'e ability of the gall bladder. 
IlaAvkins and 'Wliipple,^® in a recent reAueAV of their im-estigation on 
dogs Avith biliary fistulae, note that cholelithiasis may occur in such 
animals if tiiey arc not given bile by mouth. This might be attributed 
to a decrease in bile salt concentration as a result of long continued 
drainage. 

The presence of bile in the intestine aids in the hydrolysis of fats 
by lipase and is essential for normal absorption of the fatty acids, 
tlreaves and Rebmidt.’^' confirmed by Taylor, Weld, and Sykes, have 
shown that bile (bile salts) is essential for the absorption of A'itamin 
D. Later Oreaves and Schmidt^-' .shomed that Avhile vitamin xV can be 
absorbed fnmi the intestine in the absence of bile, carotene (the pre- 
(iii.sor of Aitamin A) cannot. Exehi.sion of bile from the intestine 
therefore may be e.xpeeted to re.suK i,, decreased fat absorption and 
possible vitamin A and B delicieiieie.s. IlaAvkins and Whipple'® have 
shown that in biliary fistula dogs one may find not only the cholelithiasis 
mentioned above but also purpura, possibly due to lack of prothrombin. 
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osteoporosis ■vvliicli may be secondary to a vitamin D deficiency, duo- 
denal ulcers, and intestinal intoxication. Liver feeding much improved 
the general condition of their animals. While such disturhauces as 
these may be anticipated in patients with bile fistulae, the more com- 
mon condition of jaiindice with partial or complete exclusion of bile 
from the intestine is an even more complex sy’ndrome. Iv3'’® lias re- 
viewed the disturbances incident to jaundice. Quick and others^’’ have 
since found the prothrombin content of the blood decreased in this 
condition, which may serve to explain the increased tendency to hem- 
orrhage, the reason for which has not previously been clear. 

The most serious aspect of jaundice, and that responsible for much 
of its symptomatology, is the associated disturbance of liver function 
which obviously is primarj' in toxic or infectious jaundice and is in- 
evitable as a secondary result of an obstructive jaundice which per- 
sists for any length of time. It would seem that the surgeon assumes 
a considerable risk in operating upon a patient with known liepatic 
pathologj" or with biliary tract disease of such long standing that 
liver function may be presumed to be impaired. 

Quick^® has found his hippui’ic acid excretion test for liver function 
negative in obstnictive jaundice of short duration, as it usually is in 
cholecystitis and cholelithiasis, but as complete obstruction persists 
there are pathologic changes in the liver, increasingly severe func- 
tional impairment of that organ, and eventual death. Cantarow and 
Stewart^** state that the intravenous administration of sodium deli.v- 
drocholate to cats with ligated common bile ducts decreased the re- 
gressive lesions in the liver, produced persistence of the stainable 
lipids, and aided in maintaining the serum bilirubin. 


CARBOHYDRATE METABOLISM 

Clinicallj’, the most important aspects of hepatic carboh.ydrate metab- 
olism are ( 1 ) the importance of the Ih'er for the regulation of the 
blood sugar level, so that in any instance of h3’pog].vceniia it is neees- 
saiy to consider whether it ma3’’ not be of hepatic oi'igin ; and ( 2 ) the 
importance of an adequate glycogen store for the maintenance of nor- 
mal liver function and the value of promoting glycogen deposition jji 
the management of hepatic disease. 

The hypoglycemias that accompany adrenal and pituitaii insuffi. 
ciency in all probability are due to failure of 

.^lucose into the blood at the normal rate. Cranda l and Cherry=o 

CTIL,;. «,« .ft... „ypcph,,»io™v ~ 

to the blood by the liver is ]e.ss than normal and that in hj pop], v,,,. 
tomized or adrenalectomized animals the liver doc.s i -pond to 
I hi h. no "ivcemia in a normal manner by the liberation of n.cronsocj 
amounts 'of glucose. In the normal animal hypoglycemia causes an 
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increase in the production of glucose by the liver ; this is not true in 
adrenal or pituitary insufSciencj'. Thus, it is clear that the Iher is 
the primary factor in the regulation of the normal blood sugar level ; 
that is, it is the major factor in the homeostasis of the blood glucose. 

■\Ylien glucose is absorbed from the intestine, the liver carries on its 
homeostatic activity by stopping the formation of glucose and by re- 
moving a considerable amount of this sugar from the portal blood. 

In this way an excessive hyperglycemia after glucose ingestion is pre- 
vented. In spite of these known activities function tests based on 
glucose administration have been of little value ; too many other fac- 
tors enter into blood sugar regulation. 

The importance of glueoneogenesis (the conversion of nonsugars, 
such as lactic acid, amino acids, glycerol, etc., into glj'cogen or glu- 
cose) for the maintenance of the glucose supply of the body is illus- 
trated by the decrease in glycosuria which occurs when diabetics 
develop cirrhosis of the liver.== In confirmation of such clinical ob- 
servation it has been shown that experimental liver injui-y reduces 
glycosuria in the dcpancreatized dog,-® while hepatectomy causes an 
abrupt fall in blood sugar in the diabetic animal.®'* It is probably a 
failure of glueoneogenesis whieh is responsible for the decreased 
glycosuria after hypophysectomy or adrenalectomy in experimental 
diabetes.®'' Patients with hepatic disease require increased amounts 
of sugars in the diet, best given in the form of glucose, not only to 
promote the storage of glycogen but also to meet the normal glucose 
requirement of the body since the liver becomes incapable of a normal 
production of this sugar from noncarbohydrate sources. In view of 
the diminished glycogen storage capacity present in liver disease, the 
administration of glucose should be as nearly continuous as possible 
in severe cases. T?ut there would seem to be no need of intravenous 
injection unless the oral route is impractical. 

In recent years the importance of producing maximal glycogen depo- 
sitiov\ in the presence of hepatic disease has been emphasized. A high 
glycogen content seems to improve the ability of the liver to carry out 
its various functions, and high carbohydrate diets have become ac- 


cepted therapy. Both Ravdin®'’’ and Stone®" have shown that liver 
regeneration is most, rapid on those diets which permit the greatest 
deposition of glycogen. Stone has also observed that on starvation 
the liver glycogen fell most abruptly and to the lowest levels in those 
animals that had been receiving high carbohydrate diets. This illus- 
trates the importance of constantly maintaining a high cnrhohvdrate 
intake m the presence of severe hepatic pathologv. Jones®'* has cm 
phasized the marked improvement in the results obtained in the treat- 
ment of various types of hepatic disease since the introduction of 
intensive glucose therapv. 



S20 


SURGERY 


Slany of tlie substances ■\vliieli are used by the liver for gluconeo- 
genesis, such as amino acids and lactic acid, as well as other sugars 
(levulose and galactose) which are converted into glucose by the liver, 
have been used in testing liver function. In general it may be said 
that hepatic activitj^ must be much impaired before positive results are 
obtained. While such tests fail to detect early and slight hepatic in- 
volvement, the use of galactose or levulose may aid in differentiating 
infectious from obstructive jaundice, since they are not positive in the 
latter unless pathologic changes have occurred seeondajy to long con- 
tinued obstruction. 


LIPID METABOLISM 

It is not yet known whether the liver is essential in the metabolism 
of fats, but there is no question that it plays an important role. A 
striking fact that seems to have been insufficient!}’ emphasized is the 
change in fat deposition in human liver disease and experimental liver 
injur}’. A loss of fat from the subcutaneous tissues, giving a loss of 
skin turgor and a wasted appearance that may be mistaken for dehy- 
dration, is often seen in those eases of cirrhosis where hepatic function 
seems to be gravely disturbed. A similai’. loss' of subcutaneous And 
depot fat in Eck hstula dogs is mentioned by Crandall and Anderson,-® 
who showed that the appearance of these animals is hot due to dehy- 
dration. Crandall and Ivy®® have briefly discussed the low blood lipoid 
level of Eck fistula animals and the decreased response to oral fat ad- 
ministration. The loss of depot fat, however, remains unexplained. 

It is well known that extensive deposition of liver fat may occur 
after the administration of hepatotoxins such as chloroform, or in the 
absence of the external secretion of the pancreas, and it has been shown 
also b}’ the extensive studies of Best and his collaborators to develop 
when the choline and betaine content of the diet is minimal. Choline 
or betaine prevents the abnormal accumulation of liver fat that other- 
wise occurs after pancreatectomy in experimental animals ; it also can 
prevent the deposition of fat on high fat or high cholesterol diets.®L ee 
Since extensive fat accumulation in the liver depresses hepatic func- 
tion, choline or betaine may be found clinically useful, espeemljy 
cases where liver lipid deposits are believed to have resulted rom pan- 
creatic fibrosis with lack of external pancreatic seere ion. re- 

cently Dragstedt, Prohaska, and Harms®® have foimc _ ^anec, 
apparently not a choline derivative, in 

pancreas which prevents the development o } j,„ ^ 

creatized dogs; they suggest that this sufetanco ma.i be ho,„„„, 

and have termed it “iipoenie. r , , 

It seems well established that the liver is the site of ketone 
formation. It is not surprizing, therefore, that hypnphyseetomy sI,o„j,j 
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diminish or abolish ketone body excretion, as it does the glycosuria, 
in experimental diabetes.^^ On this basis an attempt has been made 
to treat liuraan diabetes by subjecting the pituitary gland to deep x-ray 
therapy. Such a procedure seems unjustified, for while removal of 
the hypophysis may sujipress the ketogenesis and glimosuria of ex- 
perimental diabetes, it does so onlj' bj' superimposing a second meta- 
bolic abnormality upon that already existing. 


RELATION TO BLOOD FORMATION 


The liver stores substances which are essential for the normal for- 
mation of the red cell stroma (antipernicious anemia factor), hemo- 
globin (antiseeondaiy anemia factor), and also stores iron. It also 
plays a large part in the formation of the blood proteins, especially 
fibrinogen and albumin, and is concerned in the production of those 
substances other than fibrinogen that are essential for the clotting 
mechanism. It is important for tlie regulation of the circulating 
blood volume and the prevention of excessive dilution after fluid 
administration.^® 

It has been shown by Ivy®® that while the liver of the untreated 
pernicious anemia patient contains little or no anti-PA factor, storage 
may occur readily when liver extract is given. It is possible, however, 
that in liver disease the retention of this substance is diminished, for 
Rosenberg®' has described a macrocytic anemia occurring in such cases 
that may be difficult to differentiate from pernicious anemia, and 6 old- 
hamer, Isaacs, and Sturgis®® have found decreased storage of the anti- 
PA factor in cirrhosis. The anemia is seldom as severe as that which 
may occur in untreated pernicious anemia but is similar in type. 
AVhipplc and Robsciicit-Robbins®® find that the effectiveness of human 
liver in promoting hemoglobin formation (and hence presumably the 
storage of the anlisocondary anemia factor) is much decreased by the 
presence of parenchymal injury. Thus it seems that while liver dis- 
ease may decrease the storage of both factors, the more impoi'tant 
effect is on the stroma-producing (anti-PA) substance, since the anemia 
that develops is of the primary type. The factor of safely that is 
present in the relation of the liver to blood formation, as in other liver 
functions, is illustrated by the observation of Daft. Whipple, and 
Robseheit-Robbins*® that only in very severe or fatal experimental 
liver injury is there a decrease in hemoglobin formation, if iron is 
given intravenously. 


The in.-ibility of the di.seased liver to form blood proteins normallv 
ns shown by Kunnitr..-" Ipanov and Chervyakovski.« and Kasimai’^® 
espermlly the decreased formation of albumin which results in a" dis- 
turb, -mee of 11, e albumin-globulin ratio, seems to be the basis of the 
lahnla..\n. reaction wliieh was first used empirically. Unfortunately, 
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the Takata-Ai’a test is not as specific as might be desired, being posi- 
tive in certain infectious diseases. 


GENEKAn CONSIDERATIONS 


It is sti'iking that so many t3'pes of liver injury (Bek fistula, liga- 
tion of common bile duct, bile fistula, hepatotoxins) are followed in 
many instances by ulcerations of the duodenum which are chronic and 
have manj’- of the eharaeteristics of human “peptic” ulcer. Corre- 
spondinglj’’, most of the methods emploj'ed to produce experimental 
peptic ulcer seem to depend upon interference with hepatic function. 
Crandall and have reviewed this apparent relationship between 
ulcer and liver damage and conclude that, while the question is still 
obscure, the evidence is so suggestive that further intensive study is 
indicated. In the same article these authors have discussed the rela- 
tionship of liver disease and experimental injury to pathologic changes 
in the central nervous system. 

Other functions of tlie liver, i.e., protein metabolism, vitamin stor- 
age, relation to mineral balance, pigment metabolism, etc., have under- 
gone many advances in recent years but few clear cut clinical applica- 
tions have been developed. It is not known how hepatic disease may 
affect the storage of vitamins A and D, although ICnopfelmacher and 
Belter'** were unable to show that liver injury decreased the conversion 
of carotene to vitamin A. Addis, Poo, and Lew*** have shown that 
storage of protein occurs in the liver to a proportionately greater 
extent than in anj^ other organ. 

In conclusion we should again emphasize the importance to the sur- 
geon in evaluating the degree of hepatic insufficiency that may be 
present before he undertakes anj*- surgery upon the biliar.v tract. Li 
view of the unfortunate accidents that so often complicate such opera- 
tive procedures, it would seem that a preliminarj'- evaluation of liver 
function is indicated. The bilirubin clearance*® is perhaps the most 
sensitive test, although it is valueless in the presence of jaundice. If 
the hippuric acid test*® is definitely positive or if the venous^ stasis 
bleeding time** is much prolonged, or if other tests show impairment 
of liver function, the increased surgical risk must he ta cen into 
consideration. 
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NONCALCULOUS CHOLECYSTITIS 


Warren H. Cole, M.D., Chicago, III. 

{From the Deparf meni of Surgery, University of lUinois, College of Medicine J 

’HERE is perhaps no disease rvliieli is more variable in the severity 
A of symptoms manifested than is cholecystitis. Although gallstones 
are probably the most common type of lesion capable of producing 
symptoms, there are nevertheless numerous other types, much less 
clearly understood, ivhich can produce serious trouble. It is likeAvise 
noteworthy that there is scarcely any other disease in which the rela- 
tionship between the pathologic findings and amount of s 3 'mptoms is 
so variable and inconstant. These features are largelj'^ responsible for 
the difficulty encountered in arriving at a decision relative to advisa- 
bility of operation, etc., particularlj" in the noncaleulous tj^pe of 
cholecystitis. 

During recent years reasonably satisfactory proof has been offered 
of the existence of a new disease entity whicli has been called biliarj’ 
dyskinesia, the principal feature of wliich is a spasm of the sphincter 
of Oddi. Acceptance of this new type of biliai-y disorder scarcely al- 
lows us to apply tlie term noncaleulous cholecystitis to the entire 
group of patients to be discussed in this study because of the location 
of the offending lesion outside the gall bladder. However, there does 
not appear to be a better term available, partieulai’ly since most work- 
ers on this subject consider the term noncaleulous cholecystitis an in- 
clusive one. 


For many years various authors, from time to time, have called at- 
tention to the fact that better results were to be expected (Judd,^ 
Lahey,- and others) following' cholecj^stectomy if symptoms were 
severe, i.e., of the nature of biliaiy colic. During the past few 3 'ears 
it has become apparent, from various reports published, that the re- 
sults of cholee 3 ^stectom 5 '' (likewise cholec 3 ’'stostom 3 ’^) are so unsatisfac- 
tory in patients with noncaleulous cho]ee 3 ''Stitis that serious effort 
should be made to discriminate moi-e closed’ as to when cholecystec- 
tomy should be advised. In a study of eho]eey.stectomies for .stoneless 
gall bladder, Graliam and Mackey^ noted that only 60 per cent of tJio 
patients considered themselves relieved of symptoms hy ihe opm-ation. 
In a similar study Lehman and his associates '''' ” ' e- 

cystectomy satisfactory results were obtained ^ 

tients with stones; wlicreas in the patients V 

x'esults were obtained in only C4 per cent. 1 J - ” li- 
able results in the noncalcitloiis group rejmrled from ea .e two 

jiw^vea for publication. JnnuaO’ -0. ISSS. 
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clinics is discouragingly low, but i-emarkably similar, and probably 
represents a fair estimate of tlie results obtained tlirougbout tbe coun- 
try in tbe noncalculous type of cbolecystic disease. The seriousness of 
the poor surgical results in noncalculous cholecystitis becomes more 
apparent when we stop to realize that one-third to one-half of the 
cholecystectomies performed throughout the country are performed 
upon patients without gallstones. The realization that such a large 
I)erceutagc of patients submitted to cholecystectomy have a poor prog- 
nosis staring them in the face is sufScient to stimulate an enormous 
amount of thought and effort in an attempt to eliminate the poor 
results. It is obviously incorrect to discredit the operation of chole- 
cystectomy on all patients -without stones in their gall bladders, since 
it is well known that practicallj' all the variations of pathologic 


processes, including even gangrene with perforation of the gall blad- 
der, may he encountered in cholecystitis without stone. Analysis of 
Ihe group of unfavorable results following cholecystectomy in non- 
ealculous cholecystitis by numerous authors reveals the fact that the 
jioorcst results are obtained in the group with mild pathologic find- 
ings, in which there is no history of significant gall bladder pain or 
colic and perhaps a doubtful cholccystographic diagnosis, such as 
might he made on faintness of shadow. Graham and Mackey noted 
lhat in their group of stoneless cases T6 per cent of their patients giv- 
ing a history of gall bladder colic were relieved ; whereas only 58 per 
cent of those without colic sustained satisfactory results following 
cholecystectomy. 

It is agreed by practically all observei’s, particularly those making 
a study of noncalculous cholecy.stitis during the past few j’ears, that a 
large percentage of faihircs following cholecystectomies in patients 
without significant biliary colic is due to an erroneous diagnosis. This 
feature has been stressed by "SVier and Snell,'’ Stanton,’' and others, 
all of whom have repeatedly warned against the frequency of these 
erroi-s in diagnosis. The fact remains, however, that the manifestations 
produced by the disease which have confused the issue, are often more 


typical of cholecystitis than the manifestations of manj* cases of proved 
cholecystitis. The situation is made much more complicated by the 
fact that cholecystitis, being such a frequent disease, is very apt to 
he encountered along with anothor disease which may be much more 
serious than the clioleeystic disease itself. A list of the diseases with 
winch cholec-ystitis may be confused is so limitless that their differ- 
cntinl .liagnosis cannot be considered here. Tlic more common diseases 
m tins groiq) include such lesions as carcinoma of the colon, peptic 
nicer, caremoma of the stomach, panereutitis. carcinoma of the pan- 
creas, constipation, .-olitis. cirrhosis of the liver, intestinal allergv 
tuberculosis of the spine, renal disease, etc. ’ ’ 
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I ^HEEE is perhaps no disease which is inore variable in tlie severity 
of symptoms manifested than is choleej'stitis. Althongli gallstones 
are probablj'' the most common type of lesion capable of producing 
symptoms, there are nevertheless numerous other types, much less 
clearly understood, which can produce serious trouble. It is likewise 
iioteworthjr that there is scarcely 303^ other disease in which the rela- 
tionship between the pathologic findings and amount of s3Tnptoms is 
so valuable and inconstant. These features are largel}’’ responsible for 
the difficulty encountered in arriving at a decision relative to advisa- 
bility of operation, etc., particularlj’' in tlie nonealculous type of 
cholecystitis. 

During recent years reasonably satisfactory proof has been offered 
of the existence of a new disease entit3’' which has been called biliaiy 
dyskinesia, the principal feature of which is a spasm of tlie sphincter 
of Oddi. Acceptance of this new type of bilinvy disorder scarcely al- 
lows us to apply the term nonealculous cholecystitis to the entire 
group of patients to be discussed in this stud3' because of the location 
of the offending lesion outside the gall bladder. However, there does 
not appear to be a better term available, particularly since most work- 
ers on this subject consider the term nonealculous cliolecj'stitis an in- 
clusive one. 


For many years various authors, from time to time, have called at- 
tention to the fact that better results were to be expected (Judd,i 
Lahey," and others) following' cholecystectomy if symptoms were 
severe', i.e., of the nature of biliary colic. During the past few 3 'oars 
it has 'become apparent, from various reports publislied, that the re- 
sults of cholec 3 'Steetomy (likewise cholecystostomy) are so unsatisfac- 
tory in patients with nonealculous cholecystitis that serious effort 
should be made to discriminate more closely as to iviien cliolec.vstce- 
tomy should be advised. In a study of cholecystectomies for sfonelcss 
-all bladder, Graham and Mackey^^ noted that only 60 per cent ol the 
patients considered themselves relieved of symptoms by the operation. 
In a similar study Lehman and his associates'' noted Hint after chole- 
cystectomy satisfactory results were obtained ni 70 per cent ot pa- 
tients with stones; whereas in the patients without stones sati.sfnclor 3 
results were obtained in only 64 per cent. 'Die percentage of ^ 101 - 
able results in the noncalculons group reported from each of these too 
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marilj- of bacterial origin. Andrews® lias noted that acute cholecystitis 
can be produced experimentally by injecting bile into the gall bladder 
“in concentrations only one or two per cent more than the six or eight 
that are found in normal human bile,” The fact that cholecystectomy 
can be performed in the presence of acute cholecystitis with a rela- 
tively low mortality and without development of infection supports the 
idea'that infection is by no means the only important mechanism in the 
pathogenesis of acute cholecystitis. 

The manifestations produced by acute nonealculous cholecystitis are 
so .slightly different from those produced by acute calculous chole- 
cystitis that the.v need not be described in detail here. 

However, in a recent report Wolfson and Rothenberg^® remark 
that patients with nonealeulous acute cholecystitis “appear sicker, 
more frequently have ehill.s, and maintain a higher tempei’ature range 
than those with acute cholecystitis caused by c.vstie duet stone.” They 
noted also tliat dyspepsia, belching, aversion foi’ fatty food, and a 
history of previous attacks were not as common in patients with acute 
nonealculous cholecystitis as in those with acute calculous cholecystitis. 
Tlie above-mentioned differences will not be constant enough, how- 
ever. to be of great value in the determination of presence or absence 
of stones in the gall bladder when an acute inflammation is present. 
Perforation of the abdominal wall .secondary to gall bladder disease 
is perhaps an exception to this statement since stones or carcinoma arc 
usually present when this happens; in the latter instance, i.e., car- 
cinoma, stones likewise are present. 


2. Chronic Inflammation . — Obviously on many occasions chronic cho- 
lecystitis is the direct result of a partial subsidence of an acute chole- 
cystitis, regardless of the primary factor. On some occasions the ad- 
hesions which were a direct result of the acute inflammation are the 
o)i1y residue of the inflamniation. These may or may not be a residue 
of chronic inflammation throughout the adhesions and scarred areas 


and symptoms juay or may not be produced by them. In reality thou, 
on many occasions healing has taken ])lnce quite completely and the 
iidhesions represent merely a scar, just ns a scar forms on the skin 


after a laceration or infection heals. The term pericholecystitis has 
been assigned very appropriately to this lesion. Although experience 
has taught us that many gall bladders with pericholecystic adhesions 
will fiinction properly as far as concentration (as determined by cho- 
lecystography) is concerned, yet a large percentage of individuals in 
whom pericholecystitis has been found will complain of dvspepsia or 
colicky p,-,in or both. I’erieholecystitis produced by lesionsoutside tlie 
gall bladder (c.g.. duodenal ulcer) Is perhairs .slightly le.ss apt to pro- 
dnee symptoms hecausc there is no involvement of the evstie duct or 
mucosa and suhmucosu of the gall bladder. 
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Stanton ]ias made a particxilar study of tJie patients in liis series 
upon whom the diagnosis was incorrectly made. In his series of chole- 
cystectomies he noted that of 90 patients followed for a period of 
pars only 67 (or 74.5 per cent) made a complete recovery. Moreovea-, 
in this group of 67 eases obtaining relief from cholecystectomy, the 
diagnosis was discovered to he erroneous in 19. I am inclined likewise 
to believe that an erroneous diagnosis explains the majority of poor 
results and I doubt that actual figures in other clinics would differ 
significantly from those of Stanton. 

It cannot be disputed, however, that there is a large group of pa- 
tients suffering from nonealeulous cholecystic disease who are relieved 
bj’- cholecystectomy. This group must not be deprived of the relief 
which may be offered thein. As already state'd, we 7nust learn to dif- 
ferentiate the favorable from the unfavorable group and we must learn 
not to operate on the group which previously has yielded such poor 
results. 

TYPES OF LESIONS ENCOUNTERED IN NONCALCULOUS CHOLECYSTITIS 

The types of nonealeulous lesions of the gall bladder capable of pro- 
ducing symptoms can be divided into six groups; one of these groups 
(cholesterosis), as will be pointed out, may be insignificant in the pro- 
duction of actual sj^ptoms. Because of the wide variation in mani- 
festations and uncertainty as to whether the pathogenesis of acute and 
chronic inflammation is the same, these two lesions will be considered 
separately. 

1. Acute Inflammation . — Practically every phase of acute choleej’stilis 
associated with calculi may be found in acute nonealeulous cholecystitis. 
The actual mechanics of the production of the acute inflammation are 
no doubt different in calculous and nonealeulous cholecystitis, but the 
pathologic and clinical results may be quite identical. Never thele.ss, if 
is a well-lmown fact that the majority of patients suffering from acute 
cholecystitis have gallstones. This implies, and correctly so, that stones 
are a very important factor in the pathogenesis of acute cholecystitis. 

In a series of 38 patients with gangrenous cholecystitis reported by 
Mentzer,’’ 10 eases were nonealeulous in origin. In a study of 160 
eases of acute cholecystitis Whipple® noted that 30 (IS per cent) had 
no stones. Hoivever, an analysis of numerous reports in the literature 
searcel 3 ' bears out such a higli figure; it is doubtful if more than 10 
per cent of patients with acute cholecystitis have no stones in their 
gall bladder. 

Bacteriologio studies made from the wall and lumen of the acutelj' 
inflamed gab bladder por.sislciiflj- have i-evealed a .surprisingl.V low 
percentage of positive culinres (.somewhat greater than /it) per cent). 
This fact has led certain observers (Denton and Feiidiatt) to suspect 
that in « huge percentage of instnnees acute eholeeystitis wa.s not pri- 
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clinical grounds is impossible. This difSculty is particularly significant 
if an obstruction is present at the cj'stic duct. 

3. Lesions of ihc CysHc Z>Hcf.— When deformities of the cystic duct 
were emphasized many years ago as being important factors in the 
pathogenesis of gall bladder disease (Schmieden and Rohde^^ 
Seelig^^), the theory u-as accepted quite Avholeheartedly, particularly 
in noncalculous cholecystitis. However, detailed study showed fal- 
lacies in such an explanation in a large percentage of cases. During 
recent years the pendulum of thought is swinging far over to the theorj’’ 
that dysfunction or spasm of the sphincter (biliaiy dyskinesia) will 
explain the pathogenesis in the entire group of noncalculous gall blad- 
der disease. I am willing to accept the theory of biliary dj’^skinesia, 
but for several reasons I wish decisively to issue caution in attempting 
to explain the vast majority of cases of noncalculous disease on this 
Iheoiy. A wholehearted acceptance of biliary dyskinesia as the ex- 
])lanation of pathogenesis of noncalculous choleej'stitis would preclude 
the aeeeptaiiee of the data advanced during the past three or four 
years, that obstruction of the cystic duct is a very important primary 
factor in the formation of gallstones. This feature in the pathogenesis 
of gallstones seems to have too much foundation to allow total dis- 
credit. Last, on many occasions obstruction to the cystic duct maj’ 
be unmistakable and may even be so severe as to produce a complete 
obstruction. Since adhesions surrounding a structure as large as an 
intestine can produce obstruction, why could not adhesions, Avhich are 
frequently so dense about the cystic duct as to require .sharp dissec- 
tion, likewise cause obstruction to a lumen which is many times 
smaller ! 

Caution also must be exercised in ajiplying the theoiy of cystic duct 
obstruction to the explanation of sj-mptoms in a wholesale manner in 
gall bladder disease, but the three patients to be described appear to 
illustrate three of the inijiortant types of obstruction ; viz., angulation 
of the duet, stenosis, and anomalous cxce.ssive Heisterian folds. True 
enough, no jmsitive proof can be offered that lesions of the cj'stic duct 
as dcseribod in tliese three patients were the primary cause of the 
patient's complaints. Nevertheless the wall of each gall bladder was 
so slifrhtly diseased and the common duct appeared so normal that we 


feel justified in susjiecting the cystic duct ns being the major factor in 
the production of the patient’s complaints. It is quite true that two 
of the. three, patients bad a pericholecystitis, which was probably sec- 
ondary to previous cholocystoslomy, but there is a growing tendency 
to attach less importance to pericholecystitis in the production of 
svmptoms than ue did a few years ago. The two patients having a 
previnus eholecystostomy demonstrate very clearly the inefiieacy of 
I mi opi ration. I.nch of the three patients whose protocols are given 
bad an unusual amount of fat and fibrous tissue deposited about the 
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In the majority of instances chronic noncalcHlous cholecystitis, ns 
characterized primarily by thickening of the gall bladder nmll and 
ty7nphoc.ytic infiltration, does not arise as a sequel of acute inflamma- 
tion but develops insidiously. From the standpoint of deleterious 
effects on the patient, it makes no difference rvliether the inflammation 
is of chemical or bacterial origin. The mechanism of the development 
of the bacterial type of inflammation has been presented b.v Graham 
and Peterman^^ and others. In either the chemical or baetei’ial chronic 
cholecystitis the wall may be so badly damaged as to destroy prac- 
tically entirely the function of the gall bladder, particularly when we 
consider that the region about the e3^stic duct likewise becomes in- 
volved not onlj'- by edema but by actual inflammatory tissue such as 
l3Tnphoe.vtic infiltration, sear tissue, etc. 

The importairce of WolferV- experiments, showing that in dogs a 
cholecystitis (which is demonstrable moirths after its initial produc- 
tion) maj’’ be induced by pancreatic juice, has not been adequately 
recognized in the pathogenesis of eholecj'stitis. Wolfer found experi- 
mentall3'' that an appi'eciable portion of pancreatic juice injected into 
the common duct or allowed to enter the common duct bj^ a reflux 
resulting from mechanical intubation of the two ducts, so that a com- 
mon chanrrel was established, could be found later in the gall bladder. 
In either ease a definite cholecystitis would result, presumably pro- 
duced by tiie irritative action of the pancreatic secretion. It has been 
shown by numerous observers that the secretoiy pressure of the pan- 
creas is greater than that of the liver. One can readily see then that 
in the human being aiy obstruction at this sphincter of Oddi distal 
to the junction of the choledochus and the d\ict of Wirsung, regard- 
less of whether it was produced bj’’ stone or spasm, might allow the 
entrance of pancreatic secretion into the common duct and gall bladder 
with subsequent production of a ehoJecj'stitis. 

In a small percentage of people thei’e is such a significant variation 
in the size and course of the cj^stic duct that the slightest edema or 
scarring at this point would lead to serious obstruction to the inflow 
and outflow of bile, the latter of wdiich is perhaps of more importance 
from the standpoint of production of sj^raptoms. The actual importance 
of nonealculous eholee3'stitis becomes more obvious when we considei 
the suggestions of Andrews, Phemister, and others that, in geneial, 
cholesterol stones are produced by short periods of obstruction at the 
C3’stic duct and calcium stones produced b.v long pei’iods of obstruc- 
tion, Obviously the primary factor under these circumstances would 
have to be nonealculous in origin. 

Althoughj as a general rule, the patients with calculous cholee3'stitis 
are apt to complain of more severe sjuiiptoins tlinii patients with non- 
calonlous cbolcc3's(itis, experience hn.s taiigbt ns tliat in inan.^' in.slanccs 
the nianifesfafion.s may be so similnr that a (lifTeronliation oji pure 
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The angulation of the cystic duct in the patient described above was 
very pronounced (Fig. lA). The valvular folds of Heister were not 
unusually prominent, but there was such a profuse amount of fatty 
and fibrous tissue deposited around thi.s duet that the .slightest edema, 
particularly at the point of angulation, would certainly have produced 
an interference with filling and emptying. The choleejstogram, as 
noted in Pig. 2. revealed a shadow of practically normal intensity. 
There was evidence of contraction after the fat meal, but emptying 
appeared to be definitely though not severely delayed. Delay in 
emptying is thought by many observers to be indicative of a defi- 
nite disease process, but I am perhaps less convinced than the 
average observer that we can use this finding as a deciding factor 
indicating sufficient pathologic damage to justify cholecy.steetomy. 



l it.', Cl) 0 lw.v.st 0 |,'r.->tn of Ca.'C 1 (see Pip. lA). .1. .Shadow of normal den.<iily. 

Mxtwn lionr.s nft.T onil iulmlnl.«trntlon of tlie dje but rcvcallnK .t deformity which 
n nre.'umaWy secondary to n previous cholecy.steetomy. iS, Film taken reventv 
minutes after fat meal show.s a sllcht dccroa.ee In size, but a dennitc rct.aiMation In 
enii'tyluK followinj: the fat nic.al. I'rcvious to tills studs', the author wn.s inclined to 
minimize tile .slRnlllcancc of delayed emptyins-, but Cases l and 2 -suKRcst tliat ob- 
stnicthm of tbe <>ftlc duct may art n.« a ii«a.-hanlral factor in producing a dcl.av in 
empty luK. 


Tlic vjiliic (if the fholecystogram in this instanre is dmiblfui unless the 
delay in empiying and deformity of the sliadow are considered to he 
indicative of a pafiioIogiV gall bladder. Tlie patient, noted that eliole- 
ey.^te(.(0Iny Iiad relieved her .symptoms, but, as only a few mouths liave 
intervened since operation, judgment on resnlt must he tleferred. The 
p.iticiit hiid It pieai symptoms ol gall bladder colic; .since oiiertitive 
ivsnUs are .so .satisfactory in this group of patients, \re feel quite eoii- 
fidenl that the relief fmtn symptoms will persist. 


• ’v-.). r.- faiiotit 
l-ili-r!:-.','. oi;.' \,-;.r 
Vi.t j.i\ j.i.udlo. O... 


wa^ a uomai), ne-vt forty.vi.x yo.ar.-; .die Imd a clmle, y.dfeiomy 
Ix iore I'pttni'.re Iwcaiive of pain in (lie ricid ucp'r quailnin".. 
«a- ft.-,- from priin. ,\fi,.r t!„\ ir,(,.,val. however, pain t»'onn 
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cystic duct, indicating that tlie periductal region had been tlie site of 
considerable inflammation at some previous time. Perhaps the densest 
periductal adhesions were encountered in Case 2, in which the stenosed 
cystic duct with a tiny lumen was noted. 


CASE 'REPORTS 

Case 1.-— Patient was a woman, aged 38 years; she liacl had a ciiolecystostoniy 
performed in 1925 because of pain in the tight upper quadrant and epigastrium. 
Symptoms were relieved up until one year before entrance to the hospital. At that 
time she noticed the development of a steady, gnawing pain in the epigastrium whicli 
became colicky in nature and radiated to the riglit upper quadrant and posteriorly. 
She has had numerous attacks during the past year; during tlie attacks of pain slie 
was nauseated and vomited frequently. Between the attacks of pain she complained 
of chronic dyspepsia. For the past several months she has had pain accompanied by 
vomiting almost everv day. 



Fig-. 1. — Two types of lesions at the cystic duct which arc capable of crcalinp: 
serious interference with the proper passage of bile into and out of the gull blaadcr. 
A, Nothing was found at operation to explain the typical attacks of gall bladder colic 
(see Case 1) except tlie marked angulation as Jliustrated. The adhesions 
dense at this point that fixation must have been complete, Cholccystopranis indicate 
that the gall bladder could fill (sue Fig. 2) but could not empty properly, presumably 
because of the obstruction at tlie cystic duct. B, Symptoms of this patient (Case -) 
were also those of a fairly typical gall bladder colic. The only operative findings 
which niiglit explain the patient's symptoms were referable to the cystic duct which 
was stenosed and surrounded with vex*y dense adhesions. 


Examination revealed tenderness in the right upper quadrant and epigastrium of 
equal intensity, but no appreciable muscle spasm. The femperaturo nn. j irnj.il. 
The leucocyte count w.us 13,800. Cliolecystogr.nms revealed a ekaclow o ” 
density but distinctly deformed, prc.siim.aWy bccnii.se of the >'''"■'"1'“ 

After the fat meal the gall “f f L" 'inoderatciy adlmLil; 

ing (Fig. 2). At operation the gall ,vall of the fr,,„ 

to the anterior abdominal wall and siirroundm g. ^ , ^ ;irevio„«i,. 

r::;:, 

bladder. 
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the Heistcrian folds traverse tlie mucosal surface of the cystic duct in 
a spiral fashion thereby facilitating the flovr of bile. The anomalous 
position of a mucosal fold transversely across the lumen of the cystic 
duct obviously would offer a greater obstruction to the passage of 
bile than a spiral location. Only the proximal portion of the cystic 
duct was removed ; we, therefore, do not know whether the remainder 
of the folds were anomalous or not. Even a mild inflammation of the 
cystic duct, with its re.sultant edema, would almost certainly offer 
serious obstruction. Such a local process, i.e., inflammation with edema 
and subsequent blockage of the duct, would possibly explain the attack 
which the patient had three months previous to admission and the 




KIk. o. — T ransverfiO foM*? ot }letstcr arc anoniMoiis and arc not consli^tcnt w\Xh 
propor flow of blip into and out of the pall bladder, partlciilarlv the latter. A, Trans- 
verse cup-sliaped fold found in the ry5tJc duct of n patient (Case 3) wJio Jmd svnip- 
terns for three months and whose cholccystopnnn revealed no shadow. It Is obvious 
' otlemri of the fold or wall of the cystic duct mipht Impair cxclianpc 

bur, particularly the oultlow, ns ilUistmted more clmrlv bv the In‘scrt J7, This 
j:al\ bladder with transverse Helslerlan folds between wblrb two small stones were 
solidly imbpddiM Is shown lo Illusinitc perhaps a later static In the 111 effects incident 
to tran.«»versp f»dd.« : It l.s true, however, that stones may lodRO in tlie cvslic duct 
i^ pardli'i^s of the eonllKurjitlnn of the? duct. 


dysin'ptif Kymptoiiis retained .since then. Tlie cuii-sliaped fold, with 
tlie ediieavity faeing the fundus, would act as a valve and would tend 
to offer ohstruetinii to emptying perhaiis more readily than filling, but 
■ijipareiitly obstriieteil flow in either direction, since eholecvstograms 
showed no shadow. The wall of the fnndns of the gall hladdcr showed 
so few pnthologie elmngcs tliat it ean searcely he blamed for the 
id.sence of a ebolceystograpliie slindow, a findiiiL' whieli in mir bands 
IS quite reliable as an indication of serious gall bladder disease. Our 



832 


SUKGERV 


to return in attacks. Pain was moderately severe, of a colicky nature, and not 
associated with eating. Very little dyspepsia was noted between meals. E.xamination 
revealed tenderness in the right upper quadrant with very slight muscle spasm. The 
leucocyte count was 6,000. Cholecystograms revealed a distorted shadow which was 
less dense than normal. At operation there were numerous adhesions about the gall 
bladder but none of them were very dense. The gall bladder wall was not ap- 
preciably thickened. The cystic duct was buried in fatty and fibrous tissue and 
uhen dissected out was found to be unusually small, and appeared not to be patent; 
but examination later revealed bile in the lumen of the gall bladder. Cholecystectomy 
was performed. No stones were found in the gall bladder. 

Tliere is a ratlier mai'ked similarity between the history, pliysieal 
findings, ete., in Cases 1 and 2. In each instance the gall bladdev wall 
was only slightly diseased, but the angulation of the cystic duet in 
one patient and the stenosis in the second were so pronounced that 
there must have been considerable obstruction to the passage of bile 
in and out of the gall bladder. The fatty and fibrous deposit around 
the cystic duct in Case 2 was so dense that the existence of acute 
inflammation at some previous time seemed obvious. The history of 
frequent attacks of pain in these two patients might support the sup- 
position that stones were present in the gall bladder; the absence of 
stones supports the fallacy of attempting to predict the type of patho- 
logic findings from the clinical findings. The most reliable data from 
the standpoint of predicting the type of pathology in these two pa- 
tients lie in the cholecystographic findings which indicate that, al- 
though pericholecystitis exists, the wall of the gall bladder is not seri- 
ously diseased and that the cystic duct is sufficiently patent to allow 
passage of bile through it, although the cholecystographic shadow is 
less dense than normal. • 


Case 3. — The patient was a man, aged 37 years, who was apparently entirely well 
until three months before admission to hospital. At this time ho noticed a steady 
aching pain in the epigastrium following a heavy meal. Pain did not radiate. He 
vomited two or three times during the first day or two. Pain lasted si.v dajs and 
gradually decreased. Since then ho has noted that when he eats fried or greasy 
foods the pain reappears. Eecently the pain has been relatively constant and con- 
fined to tbs epigastrium and right upper quadrant. Examination ro^eac tender- 
ness vrithout muscle spasm in the right upper quadrant, nitii a J 
of tenderness in the epigastrium. The teinpcnaturc ^ jj 

count was 9,900. Cholecystograms revealed no shadow of ho gall Wadd r , 

ly t,,. ™ 

thickened, vrith a few adhesions about the orga . opening the gali Ida, 

on tho cholccystogram, however, it nroxin.al j>orti„„ 

a cup-shaped, transverse, thin, valvular fold ^vas found m pr of 

the cystic duct. No stones were found. 

1 iiftfed flt tJic prox/ninl por. 

The enp-shaped f 3 ., rcntarkt.biy t(ii„ r.„, 

tiou of the lume,. of Ike eysti,. 

,\STt 
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lecoelms is separate from tlie duodenal musculature and is of sufficient 
size that hypertrophy or overstimulation might he capable of giving 
rise to biliary stasis. 

At the present time there is considerable discussion as to what group 
of patients can be classified as belonging to the syndrome of biliar% 
dyskinesia. Part of the difficulty and confusion is readily explained 
if we accept 'Westphars classification into two types: (1) eases in 
which the vagus is oversensitive (parasympathetic predominance), 
resulting in hj'permotility or hypertonicity with rapid emptying of 
the gall bladder accompanied by .spasm of the ampulla of Yater; and 
(2) cases in which the vagus is undersensitive (sympathetic predomi- 
nance), creating atony of the gall bladder and ampulla with spasm of 
the sphincter of Oddi. However, in each type the final important 
disturbance is blockage of bile flow. Althougli it appears that the 
paralysis of the sphincter of Oddi as noted after cholecystectomy is 
usually permanent (Puestow-'’), instances have been reported, as 
mentioned previously, when a spasm of the sphincter of Oddi was 
noted pnstoperativciy. It is apparent that this spasm may be respon- 
sible for (ho patient's symptoms and failure to obtain relief. It is 
barely possible (hat in many instances relief of symptoms following 
operation (elmioeystectomy) is dependent upon n ])aralysis of the 
sphincter of Oddi. It apjiears (hat this group of patients who have 
persistent symptoms following eholeeysteetomy and in whom spasm 
of the sphincter i.s demonstrahic may be classified in the group of 
biliary dyskinesia. 


NcwmaiP' has classified the eases clinically into two groups. To 
those having spastic distention of the gall bladder lie ascribes symp- 
toms of “jjaiii, of a dull grinding character coming on in spasms like 
colic but not so severe, and lasting for many minutes at a time.” 
This pain may sj)rcad across the abdomen to the left or radiate back- 
ward on the right. A feeling of fullness, nausea, anorexia, occasional 
vomiting may he eompiained of. The gall bladder is able to concen- 
trate normally but empties slowly. In the group having atonic dis- 
tention, Newman classifies patients nsnally tbiii in stature, complain- 
ing of continnous not .sj)as)nodit‘ pain coming on soon after meals and 


radiating nil over the epigastrinm but not to the back. Anorexia is 
present along witli oeeasional vomiting \)nt tittle nausea. C'boleeystog- 
rnphy “.sliow.s a very long tliiu gall liladder, wliich throws a poor 
shadow and empfic.s very little.” In (he spastic distention type New- 
man reports favorable sneeess in treatment with diet imd belladonna, 
but be reports poor sneeess in the atonie distention tyi)e. 

Mflohoiu- Dislurhaiivrs in Ihr i:l!u,nj S;islati.-~U seems likely that 
most ol (lie imibologie metabolie finding.s arc of importaiiee ebietlv 
n. relation to the nltiimite production of stones or to the deposition 
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attention tliei'efore is turned to the cystic duct, partieiilarl}* since the 
common duct appeared normal and an obvious lesion was found in tlie 
cystic duet, aiieroscopic examination revealed a thickening and slight 
fibrosis of the wall of the cystic duct, but it is futile to attempt to 
determine how much fibrosis in a cystic duct is required to produce 
an obstruction with so many variable features, such as size of the 
lumen, thickness of bile, etc. To support the contention tliat a trans- 
verse fold as shown in Fig. 3zL may be a potential source of serious 
difficulty, a drawing of another gall bladder with two small stones 
lodged between transverse folds in a cystic duct is shown in Fig. 3B. 

4. Bilmry Dysldnesh . — As already stated, if the theory of biliary 
dj'skinesia as popularized by WestphaF^ and supported by the Avork 
of Iaw,^® NeAAuuan,^" and others is accepted as a clinical fact, it Avould 
offer a .satisfactory explanation for the symptoms produced in a large 
percentage of patients Avith nonealculous "eholec.A'Stitis.’' Under nor- 
mal circumstances the seeretoi-y pressure of bile In' the liver, Avhieh 
A'aries betAveen 300 and 360 mm. of AA’ater (Judd and Jlann^®). is far 
above the 100 mm. Avater (experimental in dogs) necessary to break 
through the sphincter of Oddi (Cole,^® 1925). Althougii there is usu- 
ally a fairly complete paral.A'sis of the .sphincter folloAving cholecystec- 
tomy (PuestOAV-®). occasional instances liaA'e been reported (Walters 
and associates.-^ Doubilet and Colp--) Avhen sufficient spa.sm of the 
sphincter of Oddi has been noted postoperatively to produce symptoms 
and to 2 'equire a pi'e.s.siu'e of 160 mm. of water to In-eak thj’ough it. 
In such instances, the pain complained of is similar or identical to that 
noted before operation. Nitroglycerin (glyceryl trinitrate) relieves 
the pain-^ produced by this spa.sm. 


Ia'A’ and associates-'^ have recorded some experimental findings on 
human sub.jeet.s Avhich sn/);)ort the e.xistcnce of .spasm of the .sphim-lcr 
of Oddi and its relation to distre.ss in the right upper quadrant. Duriiifr 
the pi'ocess of draining the bile from a human subject b.A means oi a 
duodenal tube, di.stre.ss in the right hypochaiich-hiin aaos e-xpeueiu td 
simultaneoush' Avith cessation of drainage of bile, fins ' ‘ J 

right hvpochondrium Avas increa.scd by the " 

cholccvstokinin, and Avas relieved by the introdnct.on - 
sulfate thrormh the tube. It is obviously important to find uhai 
physiologic o; pathologic ike tors are 

siirc -.vitliiii Hie eoimm, iliid f™ n » '"‘i.i,.,, m«.v «l limm 

prodiiccl liv t!ie li.vpoiiei'itiie in,..' i>i , 
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During Uie past several j-ears, a feiv rather radical changes in our 
ideas relative to the pathogenesis of gall bladder disease and the 
mechanism of production of symptoms have been developed. The 
theory of production of certain types of gallstones by obstruction of 
the cvstic duct, the theory of production of acute inflammation of the 
gall bladder by chemical means, and the supposition that biliaiy 
dj'.skincsia is responsible for the pain in many cases of so-called cho- 
lecystitis are the three most important developments in this regard. 
When the possibility of production of gall bladder disease by obstruc- 
tion of the cystic dnct was introduced many years ago, it received 
wholehearted support, but some observers have ventured to entirely 
discredit this possibility. I contend that there are manj' eases of so- 
called cholecystitis which are dependent upon obstruction of the cystic 
duct for the manifestations produced and that this theory in the 
pathogenesis of gall bladder disease by no means can be dropped en- 
tirely. Severe aiigulation, stenosis of the duct and anomalous valvular 
folds seem to be cajiable of producing symptoms which are so serious 
ns to demand relief. 

It. appears that biliary dy.skinesia may e.xplain symptoms in a few 
patients with manifestations of cholecystitis, particularly in the group 
which does not obtain relief following cholecystectomy. According to 
liresont, rejiorts, some of these patients complain of severe .symptoms 
described as gall bladder colic; Avhereas, others complain of mild .symp- 
toms, such ns dyspepsia, etc. Part of this confusion no doubt is due 
lo the fact that tl\e term is used too inclusively. There is scarcely any 
doubt, that spasm of the sphincter of Oddi, when it does exist, occurs 
imndi more frerpiently as an entity secondary to stones in the common 
duct, pancreatitis, or some other organic lesion, than it does as a spasm 
primarily of neuromuscular origin. Extreme caution must therefore 
he exercised lest, too much nttcution is directed therapeutically to re- 
lieving the sjiasin rather than to treatment of the lesion responsible 
for the s])asni. 


l'i)r the lime being it would apiicar a])propriatc to reserve the diag- 
nosis of biliary dyskinesia for a small grou]) of cases, utilizing the diag- 
nosis and therapeutic i)rocednres advocated by Walters, Best and 
iliekon, ’ and others. It appears logical to assume that no single factor 
IS responsible for cholecystitis, ^iany factors, including acute and 
chronic infection of th(‘ gall bladder, chemical inflammation, obstruction 
of the cystic duct, biliary dy.skinesia. and perhaps othei-s. are important 
Ml tiU' lit liliuldiM' 

.\t the present time it is iirnctienlly impossible to different iate pa- 
tients Nvith cbolccyslie manifestations so accurately as to eliminate 
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of calcium in the wall of the gall bladder. Fowweather and Collin- 
S01X-® and Eavdin and associates-" have noted that in hydrops of the 
gall bladder a high concentration of calcium was demonstrable in the 
contents of the gall bladder. Phemister and associates==® have empha- 
sized the relationship of chronic obstruction of the cystic duet to the 
formation of calcium stones and the deposition of calcium in the gall 
bladder wall. Although in Phemister’s series the obstruction in the 
cystic duct was found to be produced by a stone, other observers have 
reported the association of calcium stones with obstruction of the 
C 5 ^stic duct produced by fibrosis. It appears likely, however, that the 
metabolic disturbances associated with the formation of the stones as 
noted above were secoudaiy perhaps to an obstruction at the cystic 
duet. This obstruction, which of necessity must be of a chronic nature, 
may be due to scar tissue produced by inflammation or due to anoma- 
lous vahnilar folds which might likewise produce obstruction, particu- 
larly if the cystic duet becomes involved in any inflammatory process. 

The importance of the change in the bile salt-cholesterol ratio in 
the etiology of cholestei'ol stones has been emphasized bj’^ Andrews 
and associates.-® 


When we take into consideration the fact that a very slight increase 
in the concentration of bile salts in bile may produce axi acute chole- 
cystitis experimentally (Andrews), we can i*eadily see that metabolic 
disturbances may be extremely important in the development of acute 
and chronic cholecystitis. It is probable that there are many more 
such metabolic disturbances which are important in the pathogenesis 
of cholecystitis and that they unfortunately are not as simple as this 
one mechanism. 


6. Cholesierosis . — ^As stated previously there is a growing disbelief 
in the relationship®’ ®® between cholesterosis and symptoms of gall 
bladder disease. In the first place the condition is encountered fre- 
quently in animals (particularly the dog) in which no other manifesta- 
tions of gall bladder disease are noted. Jloreover, it is seen fi equently 
at the autopsy table in patients who had no manifestations of gall blad- 
der disease during life, implying that its appearance in the presence 
of definite pathologic lesions in the gall bladder or biliary tract may 
be of little significance. Gallstones will be found to accompany cho- 
lesterosis in one-third to one-half of the occasions when it is noted at 
the operating table. It is quite true tliat the results of cholecy.stectomy 
in such instances are vciy satisfactory, but it is particularly note- 
worthy that excision of the gall bladder in t ic presence of cholesterosis 
without stones is accompanied by poor rcsult.s Considering the above 
data it is therefore doubtful if cholesterosis has aru thing to do with 
the*producfion of manifestations attributable to disease of the gall 

bladder. 
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During the past several j^ears, a few rather radical changes in our 
ideas relative to the pathogenesis of gall bladder disease and the 
mechanism of production of symptoms have been developed. The 
theory of production of certain types of gallstones by obstruction of 
the cystic duct, the theory of production of acute inflammation of the 
gall bladder by chemical means, and the supposition that biliary 
dyskinesia is responsible for the pain in many cases of so-called cho- 
lecystitis are the three most important developments in this regard. 
When the possibility of production of gall bladder disease by obstruc- 
tion of the cystic duct was introduced many years ago, it received 
wholehearted support, but some observers have ventured to entirely 
discredit this possibility. I contend that there are many eases of so- 
called cholecystitis which are dependent upon obstruction of the cystic 
duet for the manifestations produced and that this theory in the 
pathogenesis of gall bladder disease by no means can be dropped en- 
tirely. Severe angulation, stenosis of the duct and anomalous valvular 
folds seem to be capable of producing symptoms which are so serious 
as to demand relief. 

It appears that biliarj- dyskinesia may explain symptoms in a few 
patients with manifestations of cholecystitis, particularly in the group 
which does not obtain relief following cholecystectomy. According to 
present reports, some of these patients complain of severe sjunptoms 
described as gall bladder colic ; whereas, others complain of mild symp- 
toms, such as dj'spepsia, etc. Part of this confusion no doubt is due 
lo the fact that the term is used too inclusively. There is scarcely any 
doubt that spasm of the sphincter of Oddi, when it does exist, occurs 
much more frequently as an entitj' .secondary to stones in the common 
duet, pancreatitis, or some other organic lesion, than it does as a spasm 
primarily of neuromuscular oi'igin. Extreme caution must therefore 
be exercised lest too much attention is directed therapeutically to re- 
lieving the spasm rather than to treatment of the lesion responsible 
for the spasm. 

1 ' or the time being it woidd aiipear appropriate to reserve the diag- 
nosis of biliary dyskinesia for a small group of eases, utilizing the diag- 
nosis and thcrapeutie procedures advocated by Walters, Best and 
llieken,"* and others. It appears logical to assume that no single factor 
IS responsible for cholecystitis. Hlany factors, including acute and 
chrome infection of the gall bladder, chemical inflammation, obstruction 
ot the cystic duct, biliary dy.skincsia. and perhaps others, arc important 
111 the pathoizenesis of jrall bladder disease. 

At the present time it is practically impossible to dilTerentiale pa- 
tterns with cholecystic manifestations so accurately as lo eliminate 
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entire!}' surgical failures by declining operative procedures in the 
proper cases. One of the most common sources of surgical failure, and 
perhaps the most easily remedied, is the large group of patients in 
whom the diagnosis is grossly erroneous,- i.e., the patient does not have 
cholecystitis but is suffering from a disease, such as carcinoma of the 
colon, arthritis of the spine, colitis, etc. In addition we must con- 
stantly bear in mind the fact that gall bladder disease may be present, 
though silent, and that the symptoms produced by the disease actually 
responsible for the patient's complaints may resemble those of gall 
bladder disease so closel}’’ that differentiation is extremely diffieult. 
Eemoval of the gall bladder in these instances obviousl}' will not re- 
lieve the patient’s symptoms. In other words, all patients with gall 
bladder disease must be examined very thoroughly for the possible 
presence of another lesion in the upper abdomen or spine which may 
produce manifestations similar to those produced by cholecystitis. The 
greatest difficulty experienced at the present time in differential diag- 
nosis lies in differentiation of patients with biliary dyskinesia and 
those aetiially having gall bladder disease. Beeaiise of the marked 
similarity of s}'mptoms produced by the two conditions, it is doubtful 
if differentiation can be made on this basis alone. The fact still re- 
mains, however, that operation should be avoided in the group of 
patients complaining of only mild pain or distress and in those with 
doubtful eholeeystographie evidence of disease. 
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ROENTGEN DIAGNOSIS OP SURGICAL DISEASES OP 
THE LIVER AND BILIARY TRACT 

Eugene P. Pendergrass, M.D., and George W. Cdamberetn, JLD. 

Philadelphia, Pa. 

(From ihc Deparimcni of Fadiology, jBospUnl of ihe Vnircrsity of FcnnsyJvania) 

OURGICAL diagnosis oives imicli to tlie notable aelueveineuts of 
Vilhelm Konrad Rontgen. His discovery and the aeeomplish- 
inents of those ivlio followed him have presented a method which is 
constantly disclosing more and more of the unknown. This applies 
particularly to the roentgen diagnosis of surgical diseases of the liver 
and biliary tract. The development of this highly important field 
may be divided into three periods. 

The first of these eras covered about fourteen years, from the dis- 
covery of the roentgen ray to the evolution of methods for examining 
the stomaeh and duodenum by the opaque meal. During this early 
period, interest was centered chiefly around the demonstration of 
opaque gallstones in the living patient. Buxbaum*® reported opaque 
gallstone shadows in 1898 and Beck® in this country did likewise 
in 1900. Results were not encouraging, however, on account of the 
low incidence of opaque stones. 


In the second period of development indirect evidence of gall- 
bladder disease was demonsti-ated by roentgen examination of the 
stomach and duodenum. SehurmayeH® is credited with directing at- 
tention to signs of inflammation in the gall-bladder region by fixation 
or distortion of the A’isualized duodenum. Those who made a careful 
study of the problem were even more impressed by this evidence of 
gall-bladder dysfunction than by the presence or absence of opaque 
gallstones. Nevertheless, the limitations of the method in diagnosing 
any abnormalities of the biliary tract were all too obvious. 


The third interval, from 1923 to the present time, may well be 
called the era of contrast media. The outstanding feature of thi.s 
period is the work of Graham and Cole.-'''>-« The.se men were able to 
demonstrate, roentgenographicalH, the function and the anatomy of 
the biliai-y system by means of an intravenous injection of sodium 
tetraiodophenolphthalein. This new method vns .seizor upon bj 
roentgenologists everywhere and, without doubt, now cons itufcs one 
of the most valuable procedures m the diagnosis or.. the 


biliary tract. _ 

Further assi.sfnuce has been gained in the visuahza .on of the soft 
tissue shadows in the abdomen hr mean.s of rhagno.stic pmmmnj,ori. 


necclrcil for wihlle.Ttton. JnnuniT 

S40 



PENDERGRASS AND CHAMBEBUX; DISEASES OF BILIARY TRACT 841 

toneum. The use of halogenated oils and other opaque media to out- 
line the biliary tract postoperatively and later the demonstration of 
the parenchymal shadow of the liver by the intravenous injection of 
thorium have increased the value of roentgen diagnosis of diseases of 
the liver and biliary tract. 

ROENTGEN ANATOJIT OP THE LTTOR AND BHAARY TRACT 

Tlie position of the liver in a normal j5atient can be established m a 
posteroanterior roentgenogram of good technical quality. The liver 
appears as a large, liomogeneous shadow in the right upper abdomen. 



Fiji- 1- — Enlnrfrccl liver. The bonlers of the liver arc outlined by gas in the stomach 

and colon. 

Tills sliiidow is pjirtly superimposed by the shadows of the lower ribs. 
The general contour of the liver at times may be more or less outlined 
hy slmdows of gas in'the stomach, duodenum, or colon (Fig. 1). The 
npiier border of the right lobe of the liver corresponds to the dome of 
tlic diapliragm. The lower border may present two distinct lines, one 
conforming with the postoroinferior border and the otJier delineating 
the anteroinferior edge. Tlie sliadow of the inferior border may fade 
giadnally into the shadow of the suvronnding soft tissues ivithout any 
definite line of demarcnlion. The right border approximates the inner 
nspcci of tlie riglit lateral abdominal wall and frequently is not identi- 
fied in its entirety. Tlie left lobe of the liver is not readily seen bc- 
ennse of its position in front of the .spine. 
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In the lateral view the superior border of the liver can be seen as a 
curved line which is highest anteriorly. The inferior border cannot 
be identified with ease in this position. 

The relation of the stomach, duodenum, and colon to the liver can 
be well denionsti’ated only after the use of a contrast medium. The 
importance of the anatomic position of these structures to that of the 
gall bladder is well shown by the combined use of eholec.vstography 
and the ox'al opacjue meal (Pigs. 2 and 3). Considei-able variation in 
the relation of the structures in the x'ight upper abdomen occui’s fre- 
quently in the normal individual, depending upon body build and 
weight, the position of the patient at the time of roentgenography, 
the stage of respiration, and the amount of intra-abdominal pre.ssure. 



Fie. 2- 


Fie. 3. 


B’ie. 2. — Anatomic relations of the enO 
oblique position showlns pyloric antrum, partially niled iluoilcn.ii 
biatlder in an astlienic ty))e j)ati<mt. 

Fie. 3.— .\natomic relation.^ of Rail bladder, .stomacli. and 
position in hypcrsthfnic imiivitliial. 


(luotloiiunie Pronr, 
bulb, nnti tho jjall 

{Itjorlcnurn. fYuni- 


It is well known that hyper.sthcnie or fal j>er.soii.s have a hi^di hvei-; 

whereas, the asthenic or thin patient may show 

rotated. The liver may move from 2 to 4 cm. - 

This free mobility can be well demonstrated ... films fak... 

oi-ooo tdt'il vertical iiieii.siirenieiit of the tirhi • -I •! i m., 

.mcr,,,....-...™,,. „r .2..S . -»• 
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arc of little significance in the diagnosis of disease of the liver, al- 
though marked variations in its size are of considerable importance. 
An interesting observation of some practical application has been 
pointed out by Osgood and Habbe'^® in their roentgen study of fifty- 
three palpable and fifty-three nonpalpable livers. They noted that, in 
almost all cases, the inferior margin of the liver lies at least several 
centimeters below the right costal margin, provided tha^ the film is 
exposed on deep inspiration with the patient in the horizontal posi- 
tion. The palpability of the liver, therefore, depends upon other fac- 
tors; namely, the firmness of its lower edge, the position of the edge 
in relation to the palpating fingers, and the amount of rotation which 
may be present. Moody and van Muys"" indicate that long liveis, 
with their lower tip as much as 5.0 cm. below the interiliac line, may 
be normal. They found sex to be a factor in their series, with more 
men than women showing long livers. 



Flff. Position of pall Wjultlcr In lateral view. 

T!ie gall bladder occupies a position which varies markedh* in nor- 
mal individuals. Such variations depend largely upon the position of 
the patient during the roentgen exposure, the general anatomic type 
of the patient, the tonus of the gall bladder, and the position of the 
adjacent oi'gans. tiYith the patient in the dorsal decubitus (supine) 
position, the gall bladder may lie obliquely, with the fundus directed 
downward and laterally, just beneath the inferior border of the liver, 
or it may be seen in the plane at right angles with the long axis of the 
si)inc. In the erect posture the gall bladder usually assumes a more 
vertical position. It may pi'oject well beyond llie inferior border of 
the li\er, with the fnndus of the gall bladder well below the inter- 
iliae line. In the ventral decubitus (prone) posture the fundus may 
he directed obliquely downward, outward and anteriorly, in the 
axeiage l.sO-ponnd patient. In fat or byperstlienic jiersoiis the fundus 
ma) be diiootcd laterally; wbcrcas, in thin per.sons it may be directed 
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downward and, at times, superimposed by the shadow of the rertebra] 
column. In the lateral view the gall bladder should be well anterior 
to the spine (Fig. 4). 

The anatomic components of the normal gall bladder can be dis- 
tinguished in the cholecystogram. Occasionally it is possible to see 
the cystic and common duct in the cholecystogram made after the ad- 
ministration of a fatty meal. 

DIAGNOSIS OP DISEASES OP THE UVER 

The roentgen examination may be valuable in the demonstration of 
many lesions involving the liver. Such assistance, however, is depend- 
ent upon certain factors which may be introduced as an aid in diag- 
nosis or which may be present as a result of disease. These factom 



Fig.. s.—Calcmcntion in the liver. Due to a larpe echinococcus cyst. (Courte.sy ut 

Dr. Herman Ostrum.) 

include: (1) valuations in density, such as calcification, gas shad- 
ows, fluid levels, or oparpie media; and (2) variations in size, shape, 
or position of the liver itself or of its neighboring organs, visualized 
with or without opaque media. 

Calcification in the liver is not common and occurs mostly as cal- 
cium carbonate and phosphate. When present, it is more often m 
centrally necrosed lobules, but it lias been observed in Giisson’.s cap- 
sule in eases of nephritis.’’^ Although evidence of such calcifications in 
the roentgenogram may not he diagnostic, they may be of considerable 
value in association with (he anannie-si.s. or the clinienl histoiy, of the 
patient. Aimard* has shown a ma.ss of rnleified (ubercle.s on the lower 
border of the liver mistaken for paUstones. .Such calcified shadows 
are u.siiallv lioinogeneons in den.sit.v or regular in oiitlinr. They 
inav be clumped or scattered thronphont the i>itrcn<-h\ not In the 
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latter case it may V.C ifflcttU to differentiate ealoiScation 
bepatic stones. CalciScation may oecnr m the hye. “ “ 

abscesses fungus infection (actiuomycosis and blastomj cosisj, 
and parasitic infestation, sucb as ecbinoeoccus, pentastomum denticu- 



Plg. 0.— Localized bulge o£ left diaphragm. Hue to a tumor of the liver. 



T.— Mctasluilc malipnancy Involvhip tho Hvcr. I-atoral vie^v shows marke^l 
cnlarKoinciil with elevation of Iho jipht ilome of tho diaphrapni. 


latum, niicl, rarely, ey.sticiircus, distoma, or psorosperiuia (Fig- 5). 
Jhillipie .small calcifications may occur as a result of thrombosis as- 
sociated ivitli cavernous angiomas of the liver. A calcified plaque, tlie 
re.snlt of a perilieimtitis, at times may be demonstrable in the roent- 
genogram. 
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Occasional]}’ air and flnid levels in the liver can be shown, if the 
roentgenograms are made in the erect j)ostnre. If these shadows can 
be localized to the liver parenchyma, thej’ nsiially indicate an abscess 
or cyst. Their presence indicates either a fishda or an infection by 
gas-forming oi'ganisms. 

Lepennetier and Altman^® have divided the snpracolic hydroaerial 
images as follows : (1) subphrenic abscess, (2) hydatid pyopnenmo- 
cysts of the liver, (3) chronic peritonitis of the hepatic fiexiire region 
or a high loop of jejunum, (4) certain forms of hepaptosis with inter- 
position of a loop of boM'el between the liver and diaphragm, and (5) 
images of the gastroduodenal I'egion. Gangrenous gaseous cholecys- 
titis is a rare condition which may produce an air-fluid level in the 
I'ight upper abdomen. It may be distinguished by the presence of 
gaseous infiltration of the wall of the gall bladder.'^® Sometimes these 
air and fluid levels may be confused Avith subphrenic abscesses, as in 
the ease reported b.v Altounj’an,^ in AAdiieh a large air and fluid IcA-el 
Avas found to be due to a liA’datid cyst. Gumma or other localized 
tumors, if near the stiperior surface of the liver, may cause a localized 
nodulation of the right dome of the diaphragm (Fig. 6). The hepar 
lobatum of sj’philis ma.v be distingAiished by the smooth, nodular 
shadoAv of the ejilarged A’iseus. In leukemia the liA’cr may becojiie 
enormous in size and sometimes hematogenous metastatic malignancy 
produces a gigantic liver (Fig. 7). Cystic disease of the liA'cr is not 
common. It may be suspected Avhen an enlarged liver is associated 
Avith pyelographic cAddenee of polycystic kidneys, 


Liver absce.s.s, Avith the exception of tropical abscesses, occurs most 
frequently as a result of infection tvan.smitted through tlie portal sys- 
tem or bile duets. Serege"^ has shoAA’n tlmt thei-e are tA\-o eui-rcnls of 
blood in the portal A'ein (Fig. 8). One of iJtcsc originnte.s in the 
superior mesenferie A-ein and is distributed in the richt lobe of the 
liA-er- the other, arising in the inferior me.sentcrie A-ein, finds its avuv 
cliieflv to the left lobe. In our experience most liver abscesses Jiave 
been associated AA-ith infection originating in flic right abdomen and 
hence have involved the right lobe of the liver. Tiic imjxirtance of 
the roentgen examination in absec.ss of the liver has been si, own by 
Elia.son -""Pancoast.--® and Granger.-'’-’' Careful finoros.-oj.i,. stmiy and 
film examination are essential. In many eases serial ex-„min,„ion 
from day to day is ncee.ssary before the diagnosis em, i.e e.st„|, 
P-ineoasF® .states that tlie roentgen evidenecs may not i,e s,.,-,, 

the fifth day following the onset of the abseess. 

liver abscess are; 

1 Elcvaiion of the T)iapl,ra{,m.-This may be si gin ...■ j„,q, 
contour of the <]i!>phrofrm may be .smootl, or there mav b- ,, 
loe-dized bnbw. Often the eostophrenie or eanlmpb, ong|,.. 

\ sndde.A elevalior. of the right .liaphragm dnr„m. 
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Y.cevaiitf. 



FIk. S. — Dluei'inii sliowltiK two cuvrcHts in the povtai vein. From L. 'Liclitwitz (Path- 
oiogU* tlor Funcilonon un<l Ilcgulutionen, 1936) nfter C. Henschen, 



r\K. 9. 


Fip. 10. 


I’li;. 9. — IJvfT nb‘'C<'.‘^s. 
of moiion. 


The riKht <niivlirapm U not oluvateil but shows some re« 


Kir. 10. — MiJ-ct'ss. 
I'mior nij'tun* of th'* llvor 
a him: n ariidjj \\\ xU*' rlchl 


Samo pnlioiii as .«»liown In 
nb*«rf*.*ss. UIrht tlome now 
low4'r lobe. 


Kir. 0. a few days later fol- 
elevuled and ftxed. There is 
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of a day-to-day esamiiiatioii may mean rupture of a liver abscess into 
the subpbrenic region^® (Figs. 9 and 10 ). 

2 . RcsfricHon of Motion of the Diaphragm . — ^According to Paneoast,"’’® 
this may occur in spite of the situation of the Ih'er abscess. When it 
is adjacent to the superior surface of the diaphragm, the restriction is 
apt to be more pronounced than when the abscess is deeper in the 
liver pareneh3Tna. This limitation of motion is not present with 
tumors or gumma, which maj' produce localized or diffuse elevation of 
the diaphragm. Elevation of the diaphragm, with limitation of its 
respiratory excursion, also ma3'' occur as the result of opei’ative 
trauma.® In such cases one or both domes of the diaphragm ma3’' be 
affected. The condition ma3’’ last onl3' a fcAv da3's, and the knowledge 
of a recent operation avoids diagnostic confusion. Nonsuppurative 
cholangitis may eaaise some restriction in the excursion of the dia- 
phragm, but this usuall3’- is not associated with marked elevation. 
Here again, the clinical findings aid in differentiating liver abscess. 

3 . Lung Reaction . — Although this is more common in association with 
subphrenic abscess, it may occur with liver abscess when such a lesion is 
near the diaphragm. It consists of a more or less hazy increase in 
density involving the lower right lung field and may be associated with 
a pleuritis and effusion. This pulmonitis and pleuritis sometimes are 
quite confusing, so that in spite of careful study it is not alwn 3 'S pos- 
sible to differentiate roentgenologically between a primai’y infectious 
process below the diaphragm and one above the diaphragm. In such 
cases great help is afforded by removing and examining the fluid from 
the pleural cavity. Whereas clear fluid indicates a lesion primarily 
below the diaphragm, purulent fluid indicates an infectious proce.ss 
originating in the thorax. The roentgen loealization of the abscess in 
the liver can be made only by finding an hydroaerial image in the film 
made in the erect posture. 1111101411001013', this is not po.ssible in many 


cases. 

Abscesses of the liver may rupture Glisson’s capsule into the free 
abdominal cavit}^ the pleural caviti', tlie lungs, bronchi, pericardium, 
or other structures. A snbdiaphragmatic abscess, occurring as a re- 
sult of rupture of a liver abscess, may cause elevation and fixation of 
the dome of the diaphragm. Granger-® has indicated tliat one ean 
differentiate a .subphrenic abscess secondaiw to a hepatic abscess from 
one sccondam' to a peritonitis by a study of the pleuiodinphragmatic 
an"lea In the former t3Te states that the cardiophrcnie nngl,. 
the“ anterior costophrenie angle may be oblitcra ed ; wherea.s. i,, 

1 «er the lateral costophrenie and posterior co.sfophrenie 
i;,ra«.tod, A„ level .»».v or m.v ool „c pro,™, 

Ofll left lo1.r of 11.0 Hv" io loso "I.' <" 

phtagm.' l^riles®'* has eollcetc.l eighty-fivc cases of abscess of 
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eight of which involved the left lobe. The clinical symptoms and 
signs may he vagne and may last for a variable period of time. Such 
abscesses, because of their position, tend to cause downward enlarge- 
ment of the liver. The roentgen diagnosis is based upon fluoroscopic 
examination of the barium-filled stomach and upon film examination 
made in the posteroanterior and lateral positions. These studies sliow 
a downward and posterior displacement of the stomach in cases where 
the abscess is located laterally. When the abscess is more mesial, the 
posterior displacement of the fundus and cardia is less. Miles^” states 
that when the abscess involves the caudate lobe, the distal portion of 
the stomach may be displaced downward and forward. In the differ- 
ential diagno.sis of these abscesses it is necessary to consider other 
tumors which occur in this position, chiefly gumma, but also eehino- 



rig-. 11,— Increased density of the liver and spleen. Roentgen appearance similar 
to that pcen after Injection of thorium. This was accidentally discovered in a routine 
rooiugcnograiu of tlic abdomen. We were unable to explain this peculiar appear- 
nnee and twts showed no evidence of r.adloacllvity. Xo historv* of previous thorium 
injection. Satisfactory diagnosis not available. (Courtesy of Pr. Raul Bishop.) 


COCCUS cysts, inclaslatic cavcinoma, hemangioma, omental cysts, retro- 
pcrilonenl ninligimucy, and pancreatic tumors or cysts. 

Thorium dioxide sol has been used in the demonstration of diseases 
of the liver. This radio-opaque substance has an affinity for cells of 
the rcliculoeiulothelial system. When injected intravenousl 3 ", it causes 
iiicroa.scd density of the liver and spleen (Fig. 11). Such increase in 
radio-oiiacity depends upon the amount and distrihution of the reticu- 
loendothelial eolls. Wc have had no experience with this procedure. 
In general the use of tlie substance has been restricted to experimental 
animals and patients witii incurable diseases. While tliere is no doubt 
of Its value as a diagnostic procedure, there are certain dangers wliieh 
neeompany Us nsc. Immediate reactions may include urticaria, skin 
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and mucosal liemorrhages, chills, headache, diarrhea, and asthmatic 
attacks. Fervers-® has reported death immediately following injec- 
tion in the human being. Rupture of the spleen or liver may occur.” 
Late reactions may be the result of the radioactive properties of 
thorium. Rohle and Ritchie,®^ after studying the effects of thorotrast 
in rabbits, recommend restriction of its use for diagnostic purjjoses 
to incurable eases. Naegeli and Lauche®* have observed degeneration 
adenomas in the liver five years after the injection of thorium in the 
dog. Such damage, however', is not in accord with all observations 
and may be the result of excessive dosage. Yater and others^® have 
examined 200 patients following hepatosplenography with thorium 
dioxide. In the dosage used by them (% c.e. for each pound of body 
weight), they have had lio immediate reactions during the past tlu'eo 
years. They have noticed no ill-effects in patients now living, some as 
long as four j'ears and nine months, and they have not found any 
damage to liAmr cells by histopathologic study of 71 eases. Hepato- 
splenography has been utilized as follows:^® (1) To determine the 
nature of a mass in the upper part of the abdomen ; (2) to determine 
the presence and kind of hepatic disease; atrophic cirrhosis, hyper- 
trophic cirrhosis, syphilis, metastatic malignancy, primary tumor, ab- 
scess, cyst, or amyloidosis; (3) to ascertain whether metastatic lesions 
are present in the liver if operation is contemplated for carcinoma; 
(4) to demonstrate rupture of the liver or spleen ; (5) to determine 
the cause of jaundice, whether intrahepatie or due to obstruction of 
the common bile duet; (G) to follow the progress of hepatic or splenic 
disease; (7) to demonstrate whether a lesion is above or below the 
diaphragm; (8) to diagnose a.seite.s; and (9) to study di.seases of the 
spleen. 

VARIATIONS IN POSITION AND ANOMAI.IKS OF THE EIVER 


iniary 

era. 


liver 


It has been pointed out that the normal liver is not a fixed organ 
but within certain limits, is freely movable in tlie abdominal cavity 
It is held in position mainly by the inferior vena eava. the or 
and suspensory ligaments, and by the ,>re.ssure of .surrounding vis, 

It. may be easily displaced by infraperitoneal air or fiuid. l,-avi„g „ 
wide space between the diaphragm ami its superior and la(.-ral sur- 
faces Bur-eri® j,„s observed ten cases of partial dystopia of , 
in which there was an interposition of portion.s o the inlcsti 
between the liver and the diaphragm or lateral ahdoiu.nal wall, nis 
tention of these loops by gas may cause pam j-ad.at.ng 
Lid ri-ht .shoulder. In all the cases winch burger ol,serv...|. 

, di.spbiccmeiil of the li'<'- "i 'k 

• -h- called attention to interposition of gas .shadow-, 
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the liver. In this ease the haiistral markings of the colon could be 
identified in the roentgenogram. The condition also may be the 
result of eventration of the right diaphragms^ or a right phrenic 
paralysis.'® The surgical importance of this condition can be seen 
illustrated in Fig. 12. Following a subtotal gastrectomy for duodenal 
ulcer, this patient was examined because of a suspected subdiaphrag- 
matie abscess. The films show air and fluid levels lateral to and above 
the right lobe of the liver. With this evidence, a needle was inserted 
into the parahepatic space in an attempt to corroborate the diagnosis. 
A transdiaphragmatic approach then drained the abscess. At autopsy 
the condition proved to be an interposition of multiple loops of jeju- 
num with a localized peritonitis and subphrenic abscess. 



Fli.-. 12.— Hoiiantosis anil subplircnlc abscess. Air anti fluid levels represent col- 
lilmn')'’ " above and lateral to the liver. (Courtesy ot Dr. Karl Korn- 

('ongciiital imoinalies of the liver are not common. Complete situs 
li'ansver.siis i.s imt difiicnit to diagiio.se in the roentgenogram, if one 
looks for it. Traiisver.se furrows may sometimes be identified by the 
uneven appearance of the right dome of the diaphragm. Riedel's 
lobe iim^ lie readily demonstrable in the jiroporly expo.sed roentgeno- 
giam. hut it mat he missed it careful roentgen teehni([ne is not carried 
Old or if the individual he inusenlar or obe.se. itlnltiplo lohulations, 
isolated aeeessory lobes, or attachment of the left lobe to the .spleen 
IS iisimlly not shown in the roniinc roentgenogram of the ahdomeii. 

Anmnalies in size of the liver may oeenr as a diminution in the right 
or lelt lobe „r as an increase in the size of any of the four lobo-s. Wc 
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have had the opportiiuity to observe one case of anomalons enlarge- 
ment of the riglit lobe of the liver.''^ In the lateral roentgenogram of 
.tile chest and diaphragm the shadow of the enlarged liver, super- 
imposed on the cardiac shadoAV, produced an image which was mis- 
taken for an interlobar collection of fluid between the right middle 
and lower lobes (Figs. 13 and 14). At autopsy, a huge right lobe of 
the liver had elevated the diaphragm to the level of the second ante- 
rior intei'spaee. 

THE QAIX, BLADDER 

The function of the gall bladder is to receive, store, and concentrate 
bile delivered to it through the biliary system from the liver cells. 
It also may equalize the pressure in the biliary system and periodically 



Fig, 13.— Anomalous enlareement of the right lobe 
view the appearance simulates an interlobar collection of fluhl- 35 
reported by Dr. Komblum and Dr. Stcphen.son. Am. J. nocntgcnol. .J. ab. jojo.) 


deliver bile into the duodenum." The princiiial pli.vsiologic properties 
of the gall bladder arc absorption, secretion, and motor activity. By 
virtue of these pi'operties, Graham and dote ope a loent- 

genograpliic test of gall-bladder function. In 1924 they prodneo.i 
cessful roentgenograms of the gall bladder I,y He use 

salts of ""cl 

lT,v’” Envlin a,.<I oo-wortos- a,„l otters Imvo s .0 a « ll„. 
W,;d<Ior »,a.v caccntratc tepatic i.ilc as 

times This concentration depends upon tin, a • f t from 

T'lu.lmddcr contents. When nhsorption occnr.s. it creates 
' 'e tnf ion of the sodium tclrniodophenolphlhnlrin to permit i tsi,,,//. 
ITrlftte pall ■" -alpraapn,,,,. 
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see the gall bladder after the proper administration of sodinm tetra- 
iodophenolphthalein may be due to: (1) damage to the gall-bladder 
wall, (2) inability of the liver cells to excrete the dye, (3) obstruction 
of the cystic duct, (4) ineompetency of the mechanism of the sphincter 
of Oddi, and (5) certain conditions Avhich may be present outside of 
the biliary tract and nhieh may interfere with the absorption, secre- 
tion, or concentration of the dye. 

Indications for this test are obvious. While it is primarily a demon- 
stration of functional activity, it is, also, of great value in the determi- 
nation of any anatomic deformity. Contraindications to' the method 
are few. Graham and others®- mention cardiac decompensation and 
threatened uremia as contraindications to the injection of sodium 
tetraiodophenolphthalein. We have not hesitated to use it orally in 
such conditions. Although we do not advocate the promiscuous use 



11. — Deformed gnll bUiddcr, due to pressure from an eidar&cd liver. 


(it the drug in patients with severe liver damage or with ohstruction 
of the common duet, we do not believe that such are definite contra- 
indications in all cases. The use of tlie procedure is limited in obstruc- 
tive jaundice because: (1) the examination has not proved of value 
in demonstrating the gall bladder, (2) tbe use of the drug mar' cause 
jianeroatilis, when tlicro is an obstruction in the common duct near 
llio dnodcmim, and (3) fuvliier damage to already damaged or im- 
paired liver cells may occur.e® Kudisill,” however,' has demonstrated 
the pall bladder roentgonographieally in seven of eight cases of 
catfirrhal janndic'e and we have made at least one similar observation. 

lodisni or allergic reactions arc uncommon following the use of 
sodium totrniodopheiiolphtbalein. Reactions to tbe intravenous injec- 
tion also arc nncoimnon but may be more severe than when the dye 
IS given orally. Following injection, the patient may complain of 
u.uistn, vomiting, chills, circulatory dein-es.sion, fever, and abdominal 
cramps of varying dcgrcc.s of intcn.sily.=> Orally the drug may cause 
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nausea, Tomiting, diarrhea, and abdominal cramps of severe or mild 
degree. Skin reactions mar occur and are usually mild. 


TECHXIQUE OP DYE ADMINISTRATION 


It is desirable to expose a film of the gall-bladder region before the 
sodium tetraiodophenolphthalein is given. This is routine in some 
laboratories, but ive hare not used it because; (1) many of our pa- 
tients liare a gastrointestinal examination or urographic studies which 
serve the same purpose, (2) one more day is added to the usual two- 
day examination. 

It has been our custom to use the oral method of dye administration 
as a routine procedure. Occasionally, when vomiting is severe or 
pyloric stenosis is present, we give the dye by intravenous injection. 
Sandstrora,""* in 1931, and Stewart and Illiclc,®^ in 1935, advised frac- 
tionating and increasing the peroral dosage on the basis that this pro- 
cedure produces a cumulative effect in the contrast filling of the gall 
bladder. We have used a modification of the intensified teelmique 
outlined by Golden.-^ Briefly this consists of the ingestion of 60 gr. 
of pure sodium tetraiodophenolphthalein immediately after a “low 
fat" noonday meal, the day previous to the roentgen examination, 
This do.se is repeated on the same day following a similar evening meal. 
The patient reports to the department the next morning, twent,v-one 
hours after the first — 14 hours after the second — dose of the dye has 
been taken. We make no effort to administer excessive carbohydrate, 
other than that which the patient may receive as the result of the low 
fat meals. Total abstinence from food or water is required after the 
last dose of the drug. One dram of tincture of opium is given one- 
half hour after each dose of the dye. 

When the intravenous in.iection is preferable, we use 40 mg. of 
sodium tefi’aiodophenoiphthniein per kilogram of body weigJil. The 


di’U"’, diluted with normal .saline solution, is injected b.v gravity, 
throimh carefully sterilized gla.ssware and tubing. TJie injection is 
"iven the evening before the film examination and the patient is kept 
on a fasting diet in the interim. Certain writers"® have pointed out 
that it is pos.sible to make siniuHaneons tests of liver function by the 
ns'e of the intravenou-s method of giving the dye. 

Other methods of administering the dye Iinve been used. A r.apid 
method of cholecystography has been outlined by Antonncci.« Uy fu-.l 
placitm the patient on a low carbohydrate diet fm a few da.vK 
it iniectiim W5 e.c. of 40 per cent gim-nse sobitmn .mmc.|ia,olv 

V llted in one-balf hour and reaches nn.xmnnm 
• 7 1 ibmi^® states that one can differentmte the normal ,n,l| 

nonrs. pp^pier by this method. In tl,,. 

mX.ftTc mail bladder B not .seen before two hours fnibnvn.,, „n. 

jeefion of the d.vc. 
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ROENTGEN TECHNIQUE 

The first film made is a large one (14 by 17) to include the entire 
abdomen. We have found this extremely useful in diagnosing many 
abdominal conditions rrhicli otherwise would be missed. The film is 
intended to locate the gall bladder and to determine the size of the 
liver. In addition we have found diaphragmatic hernia, calcified ab- 
dominal aneurysms, calcified lymph nodes, calcified adrenals, cold 
abscess, subphrenic abscess, calcifications in the kidneys, calcifications 
in the spleen and liver, myocai’dial aneury.sm, and situs trausversus. 
Our second film (10 by 12) is exposed immediately after the first and 
is centered ormr the gall-bladder region with the patient slightly 
rotated (20 to 30“ ), so that the right side is away from the examining 
table. These two films are developed at once and viewed. If they 
are satisfactory, the fatty meal is given without delay; otherwise, more 
films are exposed as indicated. We have found the use of pitressin 
valuable in eliminating gas shadows and contents in the hepatic 
flexure which interfere with visualization of the gall bladder. A 
cleansing enema also can be used for this purpose. The last film is 
made one-half hour after the fatty meal has been eaten. Under some 
cireumstanccs, such as lack of gall-bladder contraction, more films may 
be exposed to determine the approximate emptying time of the gall 
bladder. 


NOMENCLATURE AND INTERPRETATION OF ROENTGENOGRAMS 


In 1935 one of us®” pointed out that the radiologist has uo right to 
make a diagnosis of normal functioning or nonfnnetioning gall bladder 
from the roentgenograms and therefore offered the following nomen- 
ciutnre for reporting the results of eholecystographic studies. 

A. Functioning Gall Bladder. — Such an interpretation would include 
tlio.se gall bladders which .showed good concentration of the dye and 
good emptying after the fatty meal. 

1. Finu'fioiinip gnil hlnddcr with itionrs; Such an iuterpi-etatiou would 
inclucle those gall bladdeus which showed good concentration and good 
(•mptying, but in whicli stones could be identified. 


2. FuncUuning gall bladder leilh mural growth (papilloma): Such 
an interpretation would include those gall bladders with good conecn- 
t ration and emptying hut in which, after changing position, the filling 
(leit'L't remained constantly in the same location. 

•1. / tinclioning gall bladder with adhesions: Such an interpretation 
wnuUl inehule gall bladders that showed good concentration and empty- 
ing but which, due to their peculiar contour or location, indicated 
peneohe adhesions. This iliagno.sis is diffkmlt hut is included to make 
liu* eampleto. 

•1. Functioning gall btaddn- with anomalies. 
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nausea, vomiting, diarrhea, and abdominal cramps of severe or mild 
degree. Skin reactions may occur and are usually mild. 


TECHOTQUE OF DVB ADJUNISTRATION 


It i.s desu’able to expose a film of the gall-bladder region before the 
sodium tetraiodophenolphthalein is given. This is routine in some 
laboratories, but we have not used it because; (1) many of our pa- 
tients have a gastrointestinal examination or urographic studies ■wliieh 
serve the same purpose, (2) one more daj'- is added to the usual two- 
day examination. 

It has been o\ir custom to use the oral method of dye administration 
as a routine procedure. Occasionally, when vomiting is severe or 
pyloric stenosis is present, Ave give the dye bj^ intravenous injection. 
Sandstrom,"^ in 1931, and SteAi'art and Illick,®^ in 1935, advised frac- 
tionating and increasing the peroral dosage on the basis that this pro- 
cedure produces a cumulative effect in the contrast filling of the gall 
bladder. Tife liaAm used a modification of the intensified technique 
outlined bj' Golden.-® Briefly this consists of the ingestion of 60 gr. 
of pure sodium tetraiodophenolphthalein immediately after a "Ioav 
fat" noonday meal, the day preA’ious to the roentgen examination. 
This dose is repeated on the same day following a similar evening meal. 
The patient reports to the department the next morning, twenty-one 
hours after the first — 14 hours after the second — dose of the dye Im.s 
been taken. We make no effort to administer excessive carbohydrate, 
other than that Avhieh tlie patient may receive as the result of the low 
fat meals. Total abstinence from food or water is requmed after the 
last dose of the drug. One dram of tincture of opium is given one- 
half hour after each dose of the dye. 

When the intravenous injection is preferable, we use 40 mg. of 
sodium tetraiodophenolphthalein per kilogram of body wcigJif. The 


drug, diluted Avith norma! saline solution, is injected i)y gravity, 
through carefully .sterilized glassAA-are and tubing. Tlic injection is 
o^iven the evening before the film examination and the patient i.s bcpi 
on a fasting diet in the interim. Certain Avriter.s‘*'> Iiavc pf)iiifc(l out 
that it is possible to make simnltaneons tc.sts of liver function by the 
use of the intravenous method of giving the dye. 

Other methods of administering the dye have been used. A ,.«pi,l 
method of eholcey-stography has been outlined l.y Anfonneei.o Uy nvst 
placin- the patient on a low earbohy.ln. e diet for a fm- days „nd 
\ r . TO- on of 40 uer ‘‘<‘"1 ghwose sobiHon 

v 'IaI ed in om-balf hour and reaebes n.axnnmn opn...,v 

nurs 1 ilani- stales that one can differmdmfe the normal 
1 ours. a i.y tim ineUm,l. In tl,,. 

L^L'tTe gall bladder is not seen before two hours olhnvn.y 

jeetion of the d.A'C. 
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sliaped gall bladders which at operation were bound down or deformed 
by extensive pericholecystic fibrous changes. Fig. 14 shoivs a de- 
formity which is due to pressure from an enlarged liver. 



Kis. 15. — Opaque gall.stoncs. Tlie faint shadow of a partially functioning gall Waclder 

can be seen. 



l iir. in. —Irregular catclficatUiu in cold abscess. flaU-Vdatider shadow can he seen 

almve the cold ab.<ccss. 

CnlniUnix C/iohri/.v/ili.v.— The rocutgeimgraphic .shadow cast by an 
opn.ine gallsloue depends nol <inly on it.s lotnl ealeium eoideid.s but 
parheidarly on the disirihiitinn of the ealciuin in tile stone.''* It is 
Piadiahly true tliat less tliaii oiu-third of all gallstones are radio-opaqiic 
(I'lg. 1;.). A diMoission of the etiology of gallstones will he avoided. 
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B. Partially Fnncfionmg Gall Bladder. — Such an interpretation 
would include those gall bladders whieh did not show adequate dye 
concentration or ability to empty properly, or whicli became larger after 
the fatty meal. 

1. Partially functionhig gall bladder with stones: Such an interpre- 
tation would include those gall bladders Avhich did not show adequate 
dye concentration or emptying and in which gallstones could be 
identified. 

2. Partially fimdionmg gall bladder with anomalies. 

C. Abnormally Functioning Gall Bladder.— Sneh an interpretation 
would include those cases in which there was very poor or no gall-bladder 
visualization or tliose in which the gall bladder increased in size during 
the examination, thereby indicating a revei-sal of flow. 

1. Abnormally functioning gall bladder irith stones; Such an inter- 
pretation would include those cases in which there was very poor or no 
gall-bladder visualization, but in which opaque calculi could be seen. 
Stones could.be. classified as “nonopaque” and “opaque.’ 

2. Milk of calcium bile. 


3. Calcified gall bladder. 

4 Abnormally functioning gall bladder unth anomalies. 
Noncalculons'cholccysiitis.-This disease may produce a dense fainf, 
or absent gall-bladder shadow in the cholcey.stogram. riie densi j 
of the dve shadow varies with the amount of damage to the gall- 
bladder Wll*®'^® The function of the gall bladder may return to 

a!rthe mtholo”rcallv abnormal gall bladder has shown what we 
wo4d ter‘4t:tioni;^ gallbladder,” by the eholecystograph.c test, 
noma leiiu n la ner cent error in this re.spect. 

TTnairps and Tjampe^ encountered a iu i ... > 

Bodges anu u ^ i. fwentv-one patients with proved 

THe,- h.v= 

major inflammatoij • ‘ roentgenogram. Whefher the 

faint ^ roent-cn evidence is the proper criteria in 

pathologic eYidencc k nndeeided. Suffice to say that a 

relation to the clniiea ‘ i,nd a cliolccysterioniy 

fairly large percentage of P- 'cnts - ‘jo svniptoins. 

for roncalclors ""m;: ‘to I, f "l'. » v,.,.,. 

EnTdiii" put tins eTtn in«‘« 'I" 

lil-elv that in well over half of the ojicraic i^ 

If Jt account for ,.,c 

. 4 d 7 ,csma.s.— There are ,,;ri,.holccystic a.Iiicsn.ns 

deformity or motor disturbance „tjempts such intcri.rctaimns. 

We believe that the '•oentgenolo ' . c.%-pfrie»‘-c has incl.id..d 

in many cases, is Ireadiiig on mtir.'ly norinai 



PEXDERGRASS AXD CHASIBERLIX : 


DISEASES OF BILURY TRACT 857 


shaped gall bladders which at operation ivere bound doirn or deformed 
by extensive pericholecystic fibrous changes. Pig. 14 shows a de- 
formity which is due to pressure from an enlarged liver. 



Fi^7. ir».— Opaque gallstonos. The faint shadow of a partially functionlnRT gall bladder 

can be seen. 



Mt:. h!.— irriKUinr calclflcallon In cold nbscc***jc:. fJall-bhnitIcr j<h;ulow can ho seen 

above the cohl abscess. 


( olniloux Choirri/stitis . — The roeiifgenographic' shadow east by an 
opinino gallstone depends not only on its total ealcinm contents but 
particularly on the distrilmtion of the ealeinm in the stone ‘o It is 
prohahly true that less than one-third of all gallstones are radio-opaepte 
3o). A disenss.on or the etiology of gallstones will be avoided, 



lUS — 


\^ — ^ 

■ . .., one ‘:l,nan>nnt.n-y \ 


cnoif^f tb'.s Slone 1> 

“^0?"'"'"" " ' ,e inne or ”"^^ao.-y ehnnv'os 



.t\c '^'"=*- 1 In rl'e 

cy^"" „„<.,iUe<' 
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Diff crcniial Diagnosis of Opaque Calculi in the Right TJpper Abdo- 
men . — Tlie most common opaque sliadoAvs in this region, Avhieli may be 
confused Yutli gallstones, are : renal calculi, calcified glands or Tcssels, 
opaque shadows in the gastrointestinal tract (barium in dn'erticula of 
the colon), calcification in the Ih’er or pancreas, and calcification in a 
tubei’culous abscess (Fig. 16). Carefid and often repeated roentgeno- 



Fig. 20.— Nonopaquo gallstones, developed In twenty-six months. 



Mg. 21. Ga.s sh.idows In tlir duodenum. .Such shadows may be contused with non- 

opaque gallstones. 


E aphic 01 1 ot iitgenoscopic examinations, with the jiatient in various 
postiii-p.g. fr(-(,uontiy arc neco.g.sary for correct interpretation. Pyelog- 
niphy may be re.iiiired to e.xclndc renal calculi (Figs. 17 and 18). 
Moles fu- small tumors on the patient skin, particularlv if thev are in 
.« position wbere tbey are pre.s.scd against the film or examining table, 
-MX pro.liiee a round, dense shadow i„ the roentgenogram. 
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■ Following the use of the Grahani-Cole test, the gall bladder involved 
by calculous cholecystitis may be dense, faint, or not visualized. The 
detection of nonopaque stones in the roentgenogram depends upon the 
presence of eonh-ast substance (Pig. 19). Pig. ‘20 shows multiple non- 
opaque .stones which have developed in a period of twenty-six months. 
Nonopaque stones may be confused with gas in the intestine (Pig. 21). 
Akerlund- and others have demonstrated stratification or layers of 
bile in films made in the erect posture. In five of Akerlund’s cases 
}ionopaque stones could be demonstrated as filling defect between the 
layers of different density. Kirkliu'*- was able to diagnose gallstones 
as such in 70.8 per cent of the eases examined. He found, however, 
that in a group of 415 patients having gallstones at operation, 99 per 
cent .showed abnormal cholec.vstographic findings. Our own observa- 
tions have led us to an absolute diagnosis of stones in only 27 tier 
cent of patients in whom stones rvere found at operation. We have 
been inclined toward conservatism in this respect, because we feel 
that the danger seems to be in interpreting too nnieh, rather than not 
enough, in patients with abnormal gall-bladder function. Hodges and 
Lampe^" have summarized the situation in their study of 121 eases of 
proved calculous eholec.vstitis. 


XO. C.\SES 

ItOKNTOKN* 

PIAON'OSIS OF STOXKS 

S.S Xo live slia.low 

2S 

."2% 

.■?" Pvc slmilow 

ai 

ni% 

121 All cases 

50 

40% 


These investigators write; “It is noteworthy that normal visualization 
without stone's was never rc])ortcd in the ease of patients later shown 

to harbor calculi.” , , . 

A comparison of the value of (diolecy.stography and bdiary drainage 
in the diagnosis of gallstones has been presented by Hoekiis and 

others Biliarv drainage was aeenrate in diagnosing or 

.mil-bladder pati.ology in 98 per cent of 148 eases; whereas. this 
bailie -n-oup cholecystography gave an neeurate diagnosis m SH.-t per 
•Lt 'll. cholelithiasis alone biliary drainage in. heated stones ni 8.4.2 
pef 'cent of their eases, as against 29.2 ,.er rent by -Astography. 
!!. . 1 • 1,n«-ever is .satisfactory only when “IP bile is ob- 

Bdiary di aim „ , • . of .stones depends iijion the skill 

tained and i^effiimej m th. 

of the obsen . i„in, venous eholeeyMog. 

'l^hv “’Hiller^’ has ‘found dimdeind drain»g.‘ imlieative of o,- 

lack of function 91 f ." J of these patieiPs. 

revealed stone or i,een ns.-d („ ,p.. 

Milk of ..a,,.nna earlmnafe. i,. ,o,„ p,,.,,. 

’eo-iuPn has been adequately described by t •hnrehman.e. 
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Kornblum and Pheinister and others.®® Prior to operation, the 

roentgen examination is the only means of establishing this diagnosis. 
Roentgen diagnosis is contingent upon the finding of a dense gall- 
bladder .shadoiv, ivhich may be liomogeneoiis or mottled, depending 
upon the amount of noiiopaque detritus present. The gall-bladder is 
sometimes small and shrunken and does not empty after the fattj 
meal (Pig. 22). Often, an opaque calculus can be seen in the region 
of the cystic duct. Films made in the erect posture may demonstrate 
partly calcified debris in the fundus of the gall bladder, above vrhich 
there is a homogeneous shadow of lesser density (Pig. 23) . When the 
condition is suspected, films should be exposed without the adminis- 
tration of gall-bladder dye. 

Calcification of the gall-bladder wall or porcelain gall bladder has 
been described by Blatter® and others. This condition may be con- 
fused with a dye-containing viscus, milk of calcium bile, or calcified 



Fip. 22. Fip. 23. 

Kip. 22. — Milk of calcium bile ami nonopaque p.all.otonc.':. There i.-: no change in 
Ui<' slr.fl or pbiipc after tho fuUy meal, PuUy-Uke mntcrial, nUxea with cholestcriii 
utom'.a, was foiinil at operntlon. 

Fig. 2.r— Milk of calcium blip. Erect Rim .^bowing Ruid level In the gall bladder. 
At operatton. u thin, milky nuid was found, a.ssoclated with n .small amount of 
ami a few jiniall. nonopaque stonc 5 . 


gallstone. It may present, liowever, a cbaraeteristic streaked or 
mottled ajipoaraucc wbicli does not vary with the position of tlie pa- 
tient (Fig. 24). 

'liiinor.s of the gall bladder have been uncommon in our experience. 
Statistics indicate lliat primary carcinoma of the gall bladder may be 
found among a to 7 per cent of all carcinomas fouiul at aufop.sy. ^lalig- 
unnt lesions arc apt to produce an early oecliisioii of the outlet of 
the gall bladder niul. licuco, do not lend themselves to visualization 
by cholccystogniphy. Onv observation concurs with that of other 
writers, that this most important group of tumor.s of the gall bladder 
lias not been diagnosed by diolccystography, except in rare instances, 
lliey are frequently associated with gnllstonc.s, liowcvcr. 'Wilkie'^'- 
bus bad thirty-one eases of eareinoma of the gall bladder, all of wliich 
bad assoenitcd biliarv calculi. 
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Benign tumors of the gall bladder may he demonstrated by chole- 
cystograpbj'. The roentgen diagnosis of these conditions has been 
excellently presented bj’" Kirklin'*® and by Moore Papillomas are 
usually small, not exceeding 1 cm. in diameter. They may be single 
or multiple. Frequently the gall bladder shows no other changes, 
although there may be an associated chronic cholecystitis or cliole- 
lithiasis. The roentgen diagnosis depends iipon the finding of one 
(or more) clear, oral, or eh’cular defect which remains constant with 
changes in the position of the patient (Pig. 25). Such a defect will 
always be adjacent to the gall-bladder wall. These shadows are most 
apt to be seen in those films made during evacuation of the opaque 
dve from the gall bladder. Not infrequently tlic gall-bladder shadow 
is denser than average. Cholesterol stones may be differentiated by 



Fie. 2t. 


Fie. 2,’., 



... 1 nr thp cnll Maililcr. ItiK'nlRcnoKrem inmle attor 

Fie. In «»' 

shows the Irrcfru ■ * The small dofrrt rnn hr sri'n 

dense. 


ffirutval 
Ttonr th‘- 


their tendenev to change position in their relation to the .nill-hl.dder 
IZl hv their aimular outline, or by the pre.senee ol calemm deposit. 

Adenomas most" often occur in the fmidus of the gall bladder. They 
„nv be larger than the papillomas. 'Ihe gal I-hhulder shadow may be 
maj DC K. ^ napilloma-s, the adenomas arc more easdy 

of the gall-bladder function. 

r.nrxYiNO of tuk r,.\!.n 

.• 5mvc shown thill the gall bladder eoniraet.s. in 

Many ,.,„pfv it.s contents into the eystie „„<1 

response to certain . .,j,rcewent among radiologists ns 

common duets, .as . 
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to the optimum time for the normal gall bladder to empty itself. 
Variations occur with age and sex, as can be seen from the following 
results of Boyden and Puller^^^ and Boyden and Grantham.^® Before 
puberty, boys show more rapid emptying than girls. After puberty, 
females show more rapid emptying than males. In old age women 
evacuate 81 per cent of the contents in thirty minutes; men, 65 per 
cent. Tliere is very little difference in emptying time betiveen female 
children and adult women. Boj'^s, however, show much more rapid 
evacuation than adult males. Because of such variation, roentgen- 
ologists would do well to pay less attention to complete emptying as 
an important point in diagnosis. It is important to determine, how- 
ever, M'hether the gall-bladder shadow (1) diminishes in size, (2) re- 
mains unchanged in size, or (3) increases in size. 

Failure of the gall bladder to diminish in size after the proper tech- 
nique has been used maj’- be due to a number of conditions ; such as. 
mechanical kinking of the cystic duct, ball valve obstruction of the 
cystic duct, milk of calcium bile with or without a cystic duct stone, 
spasm of the sphincter of Oddi mechanism, anomalies, adhesions, and 
reflex phenomena from lesions outside the biliary tract. Increase in 
the size of the gall-bladder shadow occasionally may be seen. An 
explanation of this occurrence may be found in the work of Eavdin 
and others,®' who found that in dogs water could flow out of or into 
the lumen of the gall bladder. Practically all of these conditions 
which interfere with the emptying of the gall bladder, or even increase 
its size, have been rather loosely grouped together under the term 
“dyskinesia of the gallbladder.” Further investigation is necessaiw 
to evalnatc the meaning of this disturbance in function. For the pres- 
ent we arc inclined to classify gall bladders Avhich may show good or 
faint visualization after dye, yet which do not show proper dynamics 
after the fatty meal, as “partially functioning.” 


ANOJIALIES OP THE GALL BLADDER 

Congenital absence of the gall bladder is rare. Bower^i was able 
lo find 59 cases in the literature up to 1928, when he added 1 of his 
own. Gross,®^ in a more recent review, found a total of 73 cases of 
absence of the gall bladder and 28 recorded cases of double gall 
bladder. lie states that the accessory gall bladder may be contiguous 
with the jiormal organ, under the left lobe of the liver, within the'^liver 
parencliyma. or in the gastrohcpatic omentum. Boyden^ is of the 
opinion that accessory gall bladder occurs in about 1 of every 3,000 
or 1.000 human beings, lie classifies this anomaly as; (1)‘ vesica 
divisa or bilateral gall bladder, and (2) vesica duplex, either Y-.sliapcd 
with two ..ystie duets merged into one, or ductula, with two complex 
ej.stie ,lnets opening separately into the common duct. 
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A diverticiihun of tlie gall bladder may occur along the free surface 
of tlie organ or even on tlie liepafic surface, anywhere between tlie 
neck and the tip of the fundus.-''-. Probably the most common con- 
genital anomaly which can be demonstrated roentgenographieallv is 
the folded fundus. This has been described by Boyden who found 
that 18 per cent of a group of 165 individuals exhibited marked kink- 
ing of the gall bladder either between the body and infundibulum or 
between the body and the fundus (Pig. 26). The former group he 
believes, represents merely an accentuation or a minor variation from 
the normal, which may be due to extreme modeling of the fossa vesieae 
felleae. The second group, which has been termed “phrygian cap ” 
is characterized by a fixed, folded fundus. This condition! in itself, 
may be of no clinical .significance, but it is important because it mav 



be confused roentgenograph ically with double gall bladder or with 
diverticulum of the gall bladder. 

Anomalies in position of the gall bladder sometimes may be demon- 
strated by cholecystography. Gros.s^” states that a normally fm-med 
gall bladder may be found within the liver substaiu-e, under the left 
lobe, posteriorly under the right lobe, in the transverse (i.ssure of the 
liver, or “floating” in the mesentery. The last named })osition may 
be important because of the tendency for twisting of the suspensory 
attachments, which might result in infarction and gangrene of the gall 
bladder. The intrahepatie gall bladder-* is important liecanse it may 
be completely missed at operation. This condition is impossible to 
diagnose preoperatively, except by cholceystography. The intraheimtic 
o-all bladder is higher than normal and maintains its positi,.,, i„ 
tion to the liver shadow. Its lower limit may be a level u ith, or 
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above, tlie inferior edge of tlie liver. Often posteroanterior, oblique, 
and lateral roeutgenograpbic exposures are necessary to demonstrate 


tbe true condition. 

Our experience ivitb tbe roentgen diagnosis of gall-bladder disease 
in children has been limited. In a series of 226 eases of gall-bladder 
disease in children under the age of 15 years?, collected by Potter,®® 
140 had calculi ; 59, cholecy-stitis ; and 2, primary malignancy of tbe 
gall bladder. It is a well-known fact that the clinical symptoms of 
gall-bladder disease in children may resemble the symptoms of appen- 
dicitis and may be accompanied by it. There is also good evidence to 
indicate that peritoneal irritation interferes with the emptying of the 
gall bladder.®" Tliis may account, in part, for the relationship which 
has been mentioned. In the nonacute eases a cholecystogram, as well 
as an examination of the stomach and small intestines, may be of defi- 
nite value in the diagnosis. 

Sources of error associated with chclecy-stography by the oral method 
may be divided into (1) errors in technique and (2) errors in inter- 
pretation, The sodium tetraiodophenolphthalein should be kept in 
dark, air-tight bottles, so that oxidation does not occur. Instructions, 
written in detail, must be given to the patient. T!ie roentgenograms 
must be of diagnostic quality and should be made witli the shortest 
possible exposure time to prevent motion. 

We insist upon visualization of dye in the bowel before rendering 
an opinion of an “abnormally functioning gall bladder.” In this way 
we can be certain that the patient has ingested the dye and that vomit- 
ing or diarrlica has not interfered with its absorption fi’om the gastro- 
intestinal tract. Anzilotti' states that certain diseases outside the 
biliary tract which may i)roduce nonvisnalization of the gall bladder 
are pyloric and dtiodenal ulcers, pancreatitis, appendicitis, hyperthy- 
roidism, diabetes, cancer, and .some infections. IMann''* has demon- 
strated pregnancy as a cause of nonvisnalization. IVe have observed 
variable results in the test in patients with cardiac disease. Gibbon 
and Gooper-' found that about 80 per cent of a group of 81 uncon- 
trolled diabetics gave faint .shadows or no visualization of the gall 
bladder by cholecyst ograjiby. There is some evidence®^ to .show that 


gall-bladder visualization and emjitying may occur earlier in patients 
with \mcontroUed diabetes. It may be necessary to arrange the tech 
uiqnc accordingly in this group of individuals. Good and Kirklin- 
do not consider that extrabiliary conditions affect the function of tin 
gall bludder. They st?idied 167 jn-nved case.s who showed iibiiormall: 
functioning gull blad.lcrs associated with e.xtrabiliary disease and tin 
cholci-ystographic finilings were accurate i\i tls.l ]>er cent. 

Ghoiccystography is an accurate hut not infallible means of deteet 
mg disease „f the l.iliary tract. One can readily appreciate that i 
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A diverticulum of the gall bladder may occur along the free surface 
of the organ or even on the hepatic surface, anywhere between the 
neck and the tip of tlic fundus.-'*'*’ Probably the most common con- 
genital anoiiialy which can be demonstrated roentgenographieally i.s 
the folded fundus. This has been described by Boyden,*® who found 
that IS per cent of a group of 165 individuals exliibited marked kink- 
ing of the gall bladder either between the body and infundibulum or 
between the body and the fundus (Fig. 26). The former group, he 
believes, represents merely an accentuation or a minor variation from 
the normal, which may be due to extreme modeling of the fossa vesicae 
felleae. The second group, which has been termed “phrygian cap,” 
is characterized by a fixed, folded fundus. This condition, in itself, 
mav be of no clinical significance, but it is important because it may 



~ f A. Fold between the body and the infundibuhini, JJ. 

Fig. 26.— Types of folded fundus. 


be confused roentgenographieally with double gall bladder or with 

dh'erticulum of the gall bladder. 

Anomalies in position of the gall bladder sometimes may be demon- 
stitted by cholecystography. Gross--** states that a normally formed 
111 bladder may be found within the liver .substance, under the left 
gall blade! ,.j ht lobe, in the transverse fissure of the 

lobe, mesentery. The last named Jiositioii may 

liver, or floa mg tendeney for twisting of the suspensorv 

be result in infarction and gangrene of the gall 

attachments, nl - .j bladder*® is important beraus.. it may 

bladder. operation. This condition is impossible to 

be completely cholecystography. The intrahepatic 

diagnose preopera - ’ - ‘oj opd maintains its position in rela- 

li:^r ’bs .wer Hmit may he on a h-ve, .ith, or 
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for the cause of the obstruction. After this procedure is completed, 
a T-tube or catheter is inserted, hippuran again injected, and a second 
film exposed. The surgeon is then able to determine whether or not 
the obstruction has been removed. 

Delayed cholangiography consists in the roentgen demonstration of 
opaque material injected through a catheter, tube, or biliary fistula 
at some time after operation, before the drainage tract is allowed to 
close. The procedure is quite simple. We have injected lipiodol, or 
equal parts of lipiodol and olive oil, under fluoroscopic guidance in 
many of these patients (Figs. 27 and 28). Films are exposed at inter- 
vals, depending upon the indications. The necessity for roentgeno- 
scopic control cannot be overestimated, for it may prevent untoward 
reactions due to overdistention or may reveal stones or spasm which 
are not apparent in the roentgenogram. Huft’oiTP® has pointed out 



FIp. 27. Pie. 2S. 

FJjt. 27. — CholnxigiogratTi. 'NVe liavc considered this as a normal appearance. The 
choiccyslostomy tube, pall bladder, cystic duct, common duct, and duodenum can be 
Idontlhcd. Note that none of the opaque oil has passed up into the hepatic ducts. 

Fixr. 2S.— ChoIanKiosram. Tlie concave milni? defect which obstructs the common 
duct is duo to a nonopaque stone. Note the dilated common duct and hepatic ducts, 
llie opaque oil outlines many of the smaller radicles which are widely dilated. 

the value of tlic procedure as a complementary method in determining 
the proper time to allow closure of the operative wound. Hickeu and 
others’’'’ also have showed the advantage of cholangiography. The 
procedure is practically harmless and may provide a great deal of 
assurance to the surgeon and to the patient soon after operations on 
the hiliiwy tract. 

SUMMARY 

We liavc attempted to point out the value of roentgeuographie diag- 
nosis of surgical diseases of the biliary tract. Close cooimratioii be- 
tween the snr-eon and the radiologi.sl will alTord opportunity for early 
diagnosis, prompt treatment, and hotter re.sults. 
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is not a proeedure to be used injudicious!}', without proper regard 
for the many conditions which may affect the correct interpretation 
of results. If one may utilize tlie statistics of Kirklin"'- as an index, 
the general accuracy of this type of examination is about 90 to 95 per 
cent. This does not include cases studied after operations on the 
biliary tract. The value of cholecystography after eholeeystostomy 
has not been definitely determined. This is indicated by the follow- 
ing table. 


NO. CASES 
nEPORTED 


PER CENT SHOWING 
FUNCTIONING GAM, BEADBE,-; 



Spurling and Whitakcrso 

Fleming-c 

Sainti3 

.Tenkinson and Foloy-'o 
Eliason and Fergusons: 


Enough data are not yet available for us to determine the value of 
cholecystograph}' in these patients, particularly in those indiA'iduals 
who may show clinical evidence of recurrence of gall-bladder S 3 'mp- 
toms, yet have a functioning gall bladder by cholecystogi'aphy. 

CHOliANGIOGRAPHV AND CHOIjANGIOSCOPV 

A small collection of barium in the second portion of the duodenum 
is sometimes noted during the course of roentgenologic examination 
of the gastrointestinal tract. This represents the ampulla of Vater 
and may be confused with a small diverticulum in this region. Retro- 
grade visualization of the biliary tract during the course of a ga.stro- 
hitestinal examination is less common. Such may occur, however, if 
there is an obstruction in the duodenum distal to the ampulla which 
causes it to dilate or if there is, as a result of disease or operation, 
a fistula between the intestinal and biliaiy tract. Since 1927, metliods 
have been devised for the direct visualization of the biliary tract fol- 
lowin'^ the injection of opaque media. The procedure is of value in 
demonstrating obstruction, in outlining stones strictures, or fistulas, 
and in delineating dilatation of the biliary system Oeeas.onally the 
injection may help to flush out small stones or debris which are pro- 
ducing symptoms. Two methods are available: 1 immediate eho- 
langiograph}', done at the time of operation; and (2) delayed eholan- 
iioLphy The first method has been described by Robins and 
Lrmanson« When the abdomen is opened, the radu.-opaqne sub- 
taT (hippuran) is injected through the common duet before the 
fan bladde? is disturbed and films are e.xposed immediately. If R.e 
duct is patent incision and e-xploration are unncce.ssaiy. Jf tho films 
show evklence of obstruction, the common duct is opened and explored 
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THE ANATOMY OF GALL-BLADDER INCISIONS 
Oscar V. Batson, M.D., Philadelphl\., Pa. 

A SURGICAL incision for the exposure of the biliary passages should 
satisfy two requirements : adequate access to the structures sought, 
and absence of postoperative disahilitj’’ due to the incision itself. Un- 
sightly scars are distressing to the patient and to the operator. Postop- 
erative wealmess of the abdominal wall may he due either to a partial 
paralysis of a rectus muscle or to a diastasis of the rectus muscles. 

Vertical incisions through the substance of the rectus muscle do not 
seem to cause disability. This is apparently due to the scarring of the 
muscle to the rectus sheath which, in effect, creates an additional, diffuse, 
tendinous inscription. This statement is made from an experience with 
dissected rectus scars in the lower half of the abdomen. (In the last 
ten 3 ’ears, with a material consisting of about 1,800 cadavers, I do not 
recall a single sear of a gall bladder incision.) It would seem that any 
postoperative disability of the rectus muscle is due to an injury to its 
motor nerve supply. 13xperienee with diastasis of the rectus muscles in 
the lower part of the abdomen gives no indication that the separation 
is the result of any anatomic pceuliaritj*. Can it be that the postop- 
erative diastasis in the upper part of the abdomen is due to the diffieultj- 
of securing sutures effcctivel.v in the looscl.v imbricated fibers of the 
sheath ? 

In order to present anatomic factors which may merit consideration in 
planning an incisional technique, the relations of the area will be sum- 
marized under the following headings : 

I. The anatomy of the .shin and subcutaneous tissue 
as related to incisions. 

II. The coiuposif ion of the rectus sheath. 

III. The course of the nerves to the rectus muscle. 

I. THU ANATOMY 01' TIIK SKIX AND SUBCUTANEOUS TISSUE AS 
Ur.U.VTED TO INCISIONS 

In ISGl Langer, on the basis of earlier observations of Dnpuylren. 
Malgaigno, and othcr.s, worhed out the directions of the principal fiber 
patterns in the adult human shin b.v puncturing the .shin with an awl. 
In general, a round awllihe instrument thrust into the .shin, by separating 
the prineip.'il fiber bundles, produces a slitlihe opening. Upon with- 
drawing llie awl every normal movement of the body tends to hcep the 
slit etlns ill .qitnoximalioii. A shin incision made to coincide with the 
(ireitinn of the fibers also tends to close. An incision made at right 
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II. THE CO.MPOSITION OF THE RECTUS SHEATH 

For our present purposes the rectus muscle in the upper part of the 
abdomen maj' he considered surrounded liy two aponeurotic laminae 
derived from the internal oldique muscle. Tliese reunite at the linea 
all)a. In this manner a flat capsular aponeurotic sheath is formed. The 
muscle is firmly attached to this slieath at the several, irregulaily trans- 
verse, tendinous inscriptions. 

In the upper part of the abdomen there is always aponeurosis in front 
of, and Ijehind, the rectus muscle. The superficial lamina of this sheath 



to tho m.*rvf isiipply anil the sheath of the roctiis muscle. 

1 n<’ contlnu.'itlon of llu; fleshj' fibers of (he transver.vus nlxlomlnus nnisclo behinfl the 
nponenn»tlo sh'*alh may he confuslnj^ In %vell-muscle<i IndivMuals. 


is joined and reinforced hy tlio aponeurosis of the external ohli(juc mus- 
<’le. This layer remains imiseiihir until it is well over the rectus. 
Similarly underlyim: the deep lamina of the sheath is the transversus 
iihdominns mnsehr which likewise does not heeome aponeurotic in this 
lefiion until well under tin* middle ol the rectus museh'. As a rc.s\ilt, flat 
mnsele is found both in front of and hehind the aponeurotic rectus 
shi .ith in the uiijier |>arl of the abdomen at the outer margin of the rec- 
tus nuiMle. 1 hese tint muscle layers many times are thin and pa.ss un- 
imiieed. In muscular in.lividuals the.sc muscle layei-s may he vm-y i)rom- 
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II. THE COMPOSITION OF THE RECTUS SHEATH 

For our present purposes the rectus muscle in the upper part of the 
abdomen may be considered surrounded by tivo aponeurotic hninmae 
derived from the internal oblique muscle. These reunite at the In 
aliia In tliis manner a flat capsular aponeurotic sheath is formed. e 
muscle is firmly attached to this sheath at the several, irregularly trans- 
verse, tendinous inscriptions. • • 4? 4 

In the upper part of the abdomen there is always aponeurosis ni front 
of, and liehind, the rectus muscle. The superficial lamina of this sheath 



'Ok. C. — nix.-irvtlon to .vtiow tin- noiTo ,«(uiply and tlie .‘ilicallt of tlie rectus muscle, 
riic continuation of tlic llc.slty fibers of llie trausversus abdomlnus muscle behind the 
aiionoiiroUc .«li,ath may be confustnc In well-mu,«cled Indlcldimls. 


is .joint'll and reinforced by the aponcuro.sis of llic e.vlcnial o 1 )]i(|ue mu.s- 
ele. This layer remains mu.scular until it is well over the rectus. 
SimibnI.v underlying the deep lamina of the sheath is the Iransvci’sus 
abdomiiius iiuisele ivliieh likewise does not hecoiiie ajioiiourotic in this 
region until well uiider ibe middle of the rectus muscle. As a result, flat 
muscle is found both in trout f»f pud beliind tlie iipnneurotie rectus 
■sheath 111 the iijiper part of the abdomen at the outer itmrgin of tlie rec- 
tus tmisele. These thil musele la.vers luuiiy limes are tbiu ttiul ptis-s uii- 
iioiiied. It) niii-etilar imlividitals lhe.se muscle layers may he very prom- 
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inent, especially the inner one, the transversns abdominus muscle. Judg- 
ing from frequent questions, this relationship is sometimes not sufficiently 
emphasized (Fig. 2). 

m. THE COUR.SE OF THE NERVES TO THE RECTUS MUSCLE 


The essential facts of the innervation of the rectus muscle are briefly 
stated. The muscle receives motor branches from the lower five or six . 
intercostal nerves. As with other muscles receiving multiple segmental 
innervation, anatomic studies and clinical experience show much over- 
lapping in the terminal arborization of nerves from adjacent segments. 
Especially in the izpper part of the rectus muscle, injury of one inter- 
costal nerve is not accompanied bj' a disabling parah^sis. In the gall 
bladder area there are encountered the seventh,. eighth, ninth and tenth 
intercostal nerves. The arrangement of nerves found in •an.iadult white 
male cadaver (Fig. 2) may be taken as typical. Variations of one seg- 
ment up or down in numerical origiti ai-e encountered, but the general 
curving course remains the same. 

This indicates then that an incision through the flat muscles may be 
made parallel to the curving costochondral margin with comparative 
safety to the nerve supply of the rectus muscle. It may be necessary 
to cvxt the nmth (or '.eighth) nerve but, as noted above, the injury of 
one segment does not disable the muscle. 


Upon leaving the rib margins, the nerves, with their small aecompany- 
in" vessels, course between the internal oblique muscle and the trans- 
verse abdominal muscle until they pierce the deep inner lamina of the 
rectus sheath to enter the posterior surface of the rectus muscle near its 
lateral edge. This relationship seems to make iinwise incisions parallel 
to the lateral margin of the rectus muscle. Purthei’, caution is indicated 
in media retraction of the rectus muscle.^ Lateral retraction of the 
rectus muscle through a vertical sheath incision will not disturb the nerve 
supply If it i® desired to make a transverse cut in the rectus muscle, 
the pints of entrance of the nerves may be visualized and avoided. 

The anatomic facts which might be considered in making these in- 
cisions "appear to be sufficiently at variance wite one another tl,at it is 
surprising that some surgeons disregard them altogether and strive 
S'for a vdde exposure. However, an incision just under the right 
S„»ho,.dr.l border gives good osposor. and .s an.tom.ca ly ,l,o 

toSe OccastaaHv, duo to ind.v.dnal var» ,ons tl,„ 

favoiaPie. extension of the in- 

be ^ ^ tv thrmmh the rectus muscle is compalilile with tlie nerve 

ssr »" 

alba ineisons. 



PREOPEEATIVE AND POSTOPBEATIYE TEEATilENT IN 
CASES OP OBSTEUCTOT JAUNDICE 

C. G. Johnston, M.D., Detroit, j\Dgh. 

(From the Department of Surffery, Wayne University, College of ITedicinej 

O BSTRUCTION of the conunon duct is all too frequently considered 
a local disease. In realitj’^ tlie local site of obstruction is but an 
initiating incident in the more important general reaction following ces- 
sation of the normal flow of bile. CoiTection of the consequences of 
common duct obstruction naturaUy lies in tlie relief of the obstruction. 
However, surgical procedures designed to overcome the obstruction must 
wait until the patient is properly prepared for operation. No longer is 
immediate operation considered necessary. The preparation of tlie pa- 
tient for operation is of primary importance in the necessary readjust- 
ment of the patient to the altered pliysiology follonlng the obstruction 
to the outflow of bile. 

Following obstruction to the common duct, a train of events occurs 
which result in widespread changes in the individual.^ When the flow 
of bile from the liver is stopped either partially or completely, the liver 
becomes altered morphologically and physiologically, and the digestive 
processes become embarrassed. While the latter variation from normal 
is of consequence, the results of suppression of biliary outflow become of 
paramount importance in relation to liver function. Shortly foUowing 
ol).slrnction of the common duct, the liver becomes damaged, and it is 
for this reason that the patient presents a problem requiring careful 
study iind preparation before operation is considered. This fact was well 
brought out by a symposium on obstructive jaundice by leading German 
surgeons, = where varying vicniwinls were cxpre$.sed regarding types of 
operative ju'occdurc.s, of the role of infection, and methods of treat- 
mom, !)ut the one accepted fact was tliat damage to the liver parenchyma 
was the most important re.sult of the obstruction. The concept that 
di.sordcrcd liver funcion is the underlying defect associated with common 
duct ob.struction has been widely accepted within the past decade. 

The methods for evaluating liver function have been recently dis- 
cussed in- KnelP and Newman.* It is noteworthy that none of tlicse 
tests has iiccu completely trustworthy in depicting tlm status of the 
activity td the liver pnrencitynia. Newman* has pointed out that, since 
thiTc arc many functions of the liver, tio one of the tc.st,s may be dc- 
ttcuded upon to tell us the whole story of hepatic insufiicicney. lllany of 
the fuuctious of the liver arc also ciumied on elsewhere in the body or 
arc inliiicnccd by other organs. The relation of the liver to sugar 
imtaboliMu is wd! known; yet this important function is grcatlv in- 
Uut'tu'u^l uy nm\ lulmial arlivity. 
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The measure of the elaboration of bile salts should afford a good 
criterion for liver function, but as yet avc have no method for determin- 
ing bile salt formation in the liver of intact patients. So far as ■\vc 
know, bile salts are formed solely in the liver. This is corroborated l)y 
the fact that fetal bile has little or no bile salts present, indicating that 
this important hepatic function appears after the liver becomes more 
active when the offspring as-sumes independence from the maternal 
metabolic processes. An additional corroborative fact is the early loss of 
bile salts from the bile after obstruction of the common duct and tlie 
rather tardy return after release of the obstruction.“’ ® 

In a series of eases Ravdin, Johnston, Ricgel, and 'Wright" studied 
the return of bile salts in the bile following release of a complete ob- 
struction of the common duct, and tlie earliest date when traces of l)ilc 
salts could be found was seven days. 

The care of the jaundiced patient must at all times be directed toward 
conserving the function of the liver under adverse conditions. It is for 
this reason that morphine should be used sparingly in the control of 
pain in these cases. In addition to the effect of morjdiine on the storage 
and mobilization of glycogen, it must be remembered that this drug is a 
respiratory depressant. Goldschmidt, Ravdin, and Lueke® have recently 
shovm the effects of relative anoxic conditions on the ability of the liver 
to Avithstand the assault of anesthetics. 


Recently Butsch, IMcGowan, and Walters’" liave condemned the use 
of morphine in controlling the pain associated with obstruction of tlio 
common duct on the ground that morphine increases intraductal tension, 
and therefore should increase rather tlian decrease pain. For many 
Amai's it has been common practice to give morphine in common duct 
obstruction with excellent results as regards tlie control of pain. 
Morphine has an analgesic action Avhich is capable of controlling pain 
even though the tension Avithin the duct may be increased. The chief 
fault Avitirmorpliine lies in its effect on the liver and is not concerned 
Avith its effectiveness in the control of pain. Butsch, McGoAvan, and 
Walters sim-est tlie use of the nitrite series for control of stone colic; 
these drugs'^have a much more rational basis tlian morphine but are, as 

a rule, more fleeting in their action. 

Freauentlv the pain associated Avith comnion duct olislniction can 
, 1 hv bed rest and restriction of intake by mouth of food 

rfluid Bm-iiig this period the patient siioiild receive adequate 
and fluid. vein. This nictliod a.ssiircs tlie introduc- 

glucose f ami is not associated Aviih the diffi- 

tion 0 nee , . 'j j.,,peutaneous method. Therectaladministra- 
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tlie period of acute colic lias passed, the patient should be given a high 
carbohydrate diet supplemented bj' slow intravenous infusion of 10 per 
cent glucose in distilled water. By this latter means it is possible to 
introduce 100 to 300” gm. of glucose daily in addition to the earbohj drate 
taken by mouth. 

The value of high carbohydrate intake in cases of Jaundice from com- 
mon duct obstruction has been strc.ssed recently by Ravdin, Riegel, and 
Jlorrison.’®* It was Eavdin and his associates, who in 1930 pointed 
out the lieneficial effects of glucose in obstructive Jaundice and indicated 
that the lieneficial effects were associated with a partial restoration of 
glycogen reserve. In 1915 Opie and Alford’® and Graiiam’® showed that 
animals subjected to chloroform ivere better able to witlistand its toxic 
effect if a high eaibohydrate diet was given previous to the administra- 
tion of the drug and indicated that in those animals least effected, there 
was adequate glycogen stored witliin the liver, and in those most sus- 
ceptible, there were marked fatty changes in the liver. The relation- 
ship between the amount of fat deposited in the liver and the suscepti- 
bility of liver cells to necrosis has been well .shorni, as have the merits of 
high carbohydrate intake in decreasing the fat within the liver cell. 

01uco.se has long been advocated in the preoperalive preparation of 
Jaundiced patients to prevent postoperative bleeding, but until Eavdin ’s 
report” in 1930 calcium was given in addition to the glucose and it was 
tliought by many that the calcium was tlie responsible agent. Calcium 
iins had quite a vogue in the jircoperativc preparation of the Jaundiced 
patient. The basis for its introduction was a fallacious assumption that 
tiiore was a deficiency in blood calcium in the Jaundiced individual. 
.Since calcium is neecs-sary for clotting of blood, tlie concept that there 
was a deficiency of calcium in Jaundice formed a rational basis for ex- 
plaining the bleeding tendency and re.sulted in much clinical data regard- 
ing the value of calcium tlierapy. In the light of the knowledge of the 
effectiveness of glucose to protect the hepatic cell, it is unfortunate that 
it is difficult to determine whether, in addition to calcium, glucose was 
also given; therefore mueh of the older data in regard to calcium therapy 
is of no value. Suffice it to say that there is no lack of calcium in the 
hloo<l of th(‘ Jiuuuiiced patient, nor is there, as (iunther and nrecnbcrg=" 
have s(» well shown, a lack (if availability of the calcium present except 
in the pre.scnce of a low iilasma protein. This latter contriluition lias 
clarified our concept concerning tlie bleeding tendency in Jaundice de- 
cidedly since in association with the view iliat there was a decrease in 
blood calcium in jaundice, there have arisen many llieori<'s regarding the 
cause of the bleeding, based upon a combination of c.-ilcium witirbile 
sails, bilirubin, or some oilier .substance which prevented its activity 
t’nleium is still being advoented*' in treatment of the jaundiced patient 
but at least it has been strii>ped of the prestige of a scientific basis 
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TJie nieasm'e of tlie elaboration of l)ile salts should afford a good 
criterion for liver function, but as yet we have no method for determin- 
ing bile salt formation in the liver of intact patients. So far as we 
know, bile salts arc formed solely in the liver. This is corroborated by 
the fact that fetal bile has little or no bile salts present, indicating that 
this important hepatic function appears after the liver becomes more 
active when the offspring a.ssumes independence from the maternal 
metabolic processes. An additional corroborative fact is the eardy lo.ss of 
bile salts from the bile after obstruction of the common duct and the 
rather tardy return after release of the obstruction."' ® 

In a series of cases Ravdin, Johnston, Riegel, and Wright" studied 
the retuim of bile salts in the bile following release of a complete ob- 
struction of the common duct, and the earliest date when traces of bile 
salts could be found was seven days. 

The care of the jaundiced patient must at all times be directed toward 
eonsei'ving the. function of the liver under adverse conditions. It is for 
this reason that morphine should be used sparingly in the control of 
pain in these cases. In addition to the effect of morphine on the storage 
and mobilization of glycogen, it must be remembered that this drug is a 
respiratory depressant. Goldschmidt, Ravdin, and Lucke" have recently 
shown! the effects of relative anoxic conditions on the ability of the liver 
to withstand the assault of anesthetics. 


Recently Butsch, IMcGowan, and Walters’" liavc condemned the u.se 
of morphine in controlling the pain associated with obstruction of the 
common duet on the ground that morphine increases intraductal tension, 
and therefore should increase rather than decrease pain. For many 
years it has been common practice to give morplnne in common duet 
obstruction with excellent results as regards the control of pain. 
Morphine has an analgesic action which is capable of controlling pain 
even though the tension within the duct may be increased. The chief 
fault with morphine lies in its effect on tlie liver and is not concerned 
with its effectiveness in the control of pain. Butsch, McGowan, and 
Walters suggest the use of the nitrite scries for control of stone colic; 
these drugs have a much more rational basis than morphine but are, as 

a rule, more fleeting in their action. 

Frcouentlv the pain associated wMh eonimon duct obstruction can 
I rnllcd bv bed rest and restriction of mtalce by ,„o„t]i of food 
be contiolle ,,, adequate 

^ td sAinc solution by vein. This method assures it,,, iufroduc- 
glucose y „l„eose and is not as.soc.atcd wiit, 

tion 0 nee cc subcutaneous method. The rectal adiuinistra- 

eulties associated wi t c s^^^^ by Ebcling,”’” ^cott an,l 

and Willeni.s’'- to he quite mcF..c,..„, 



JOHKSTON; TREATMENT OF OBSTRUCirpE aAONDICE 879 

Following occlusion of the common duct, the bilirubin level of the 
blood, as measured by the van den Bergh test, increases. This increase 
continues with an associated increase in generalized icterus for a variable 
period of time when, despite the fact that there is complete obstruction 
to outflow of bile from the liver, the serum bilirubin level reaches a 
plateau. Wlien this plateau has been maintained for several days, we 
feel that the patient has become stabilized under the new emdronment 
and is best able to stand operation. We do not operate on patients with 
rising or falling levels of serum bilirubin. The mechanism for the 
stabilization of the level of serum bilirubin is not understood, but it is 
our experience that the patient withstands operation better and has less 
tendency to bleed after stabilization has occurred. 

In the preparation of the patient for operation there are two ob- 
jectives; (1) that the patient’s general physcial condition be made as 
good as possible, and (2) that the hepatic parenchjnna be restored to 
as nearly normal as conditions permit. The complication most feared 
is bleeding cither before or after operation, and this complication is bet- 
ter prevented. 

Following operation, similar conditions as obtained before operation 
arc present and are treated in much the same manner. The release of 
obstruction to the outflow of bile docs not immediately correct the effects 
of the obstruction. Bleeding which is not common before operation is 
to be feared because of the added source of liemorrliage, the fresh wound. 
Even when all visible bleeding points liave been carefully tied at op- 
eration, there is a certain amount of oozing. The clot which forms is 
grossly abnormal in that it does not retract well. Much of the fresh 
postoperative bleeding is due to bleeding behind a clot, a mechanism 
which is well Icnomi to cause continued bleeding even in normal wounds. 
In many instances were it possible completely to clean out the old semi- 
formed clot and allow for drainage of the blood, bleeding could be more 
easily controlled. Packing over the clot is a maneuver of little value, 
nS it is in wounds in individuals with normal clotting mechanisms. 

The causes ascribed for the bleeding tendency associated with jaundice 
consist not only of deficiency of any one of the elements concerned with 
clotting, but the presence of sub.stances which arc Iniown to prevc!)! 
clotting. The question of the relationship of calcium to bleeding in 
jaundice has been discussed above. Fibrin insufilciency has been sug- 
gested ehieny on the basis that the liver is a rich source of this material. 
Melchior’’ noted a marked decrease in blood fibrinogen and thrombin 
after hepatectomy in dogs. :Mos.s-’ and Bavdin. Biegel and ^rorrison""' 
have, shown that there is not a defieiency in fibrinogen in jaundice. 
Barlik"’ was impressed with tiio liver as a .storeliousc and regulator of the 
antiprotiu-oiiibin l•on1ent of the blood and concluded that willi liver 
damage lids mechanism is lost. Bile s.nlt ineronses in tlic l)lood liavc 
le-.-n surmised to occur in ohstru.'tive janndiec, and their pre.sonee was 
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With regard to the value of glucose in jaundiced cases, the opposite 
is ti’ue. Not only has the value of high carbohydrate intake been in- 
dicated by clinical data, but experimental studies as v'ell have stressed 
its merit. 

Not only does tlie glucose afford protection for the liver, but it is of 
importance in reparative processes after liver damage, as has been re- 
cently reemphasized by Snell and Bollman.^- 

An additional safeguard against liver damage is the administration 
of whole blood. The effects of anoxic states on the reaction of the liver 
to damage have been demonstrated by Goldschmidt, Kavdin, and Lucke," 
and Judd, Snell, and Hoerner.“ The mechanism for the effectiveness 
of blood transfusions in liver damage is not well understood, nor is it 
demonstrable from studies on the blood in jaundiced patients that 
there is consistently a decrease in the oxygen-carrying capacity. The 
transfusion of blood in jaundiced patients is not to be reserved for 
patients who bleed postoperatively, but is valuable as a preventive 
measure. New blood with normal clotting mechanism introduced into 
the patient has a rational basis in the supply of the necessary elements 
for clotting, and it undoubtedly is an important factor in prevention 
of and restoration from hepatic damage. 


One of the most difficult questions relative to the jaundiced patient 
concerns the determination of the time when the patient is properly 
prepai’ed for operation, Clute and Swinton-"* suggest a preoperative 
regime for five to twelve days. Ewald“ states that one should wait no 
longer than two to four weeks but that longer periods of waiting even 
up to a year may not be particularly damaging. It is quite difficult to 
see the value of any time limit for the preparation of the patient, as 
many variable factors other than time may be present to influence the 
amount and nature of damage to the liver. There has long been the hope 
that some means of measuring accurately the bleeding tendency would 
afford a reliable test for deciding the time of operation. This lias not 
been the case. Likewise liver function tests tlieorctieally offer this pos- 
sibility but actually none of the tests of liver function has proved of 
merit in the determination of the possibility of bleeding in the jaundiced 
mtient This is probably due to the fact that the pre.scnt inotliods arc 
not definitive enough since they test only one or another phase of liver 
activity. Even when several tests are used loutnidj, the re.sult.s are 

disappom^ ^ reported that the sedimentation rate of the blood wa.s 
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fluffy yellow crystals which can be preserved indefinitely. This ma- 
terial may be prepared from clean fresh human drainage bile or from 
fresh ox bile. We feel that lyophilized ox gall bladder bile is better than 
human drainage bile because of the presence of bile salts in high con- 
centration. 

The management of the T-tube drain persents several interesting and 
important considerations. Frequentlj' during the first few days the 
material draining from the T-tube will appear bloody. It has been sug- 
gested that the cause for this is the sudden decompression of bile 
ducts.^^' Slow decompression such as is commonly practiced in rela- 
tion to the urinary tract in retention has been suggested. This is prac- 
tically impossible to accomplish since the common duct must lie opened 
for the introduction of the T-tube and the loss of even a few cubic 



1‘Mk. 1. — SImplf rivlhod for cradiinl decompression of tlio common bile duct. 


ci'nlimvti'vs of bile from the ductal system will I’cdnce l)ie pre.s.surc niark- 
cclly. luit is probably more true is that following drainage of the 
common duct, the intraductal pressure is suddenly decrea.sed from a 
value of about .100 inin. of wafer not only to zero, but even lower, because 
actual suction is applied by the habit of allowing the tube to drain into 
a bottle on the floor. By this means there is exerted by the drag of the 
<*o!nnin of bile a suction on the common duct of several feet of water. 
I'itis can he overcome by several methods. The simjdcst is the use of a 
small bottle lying next to the patient at the level of the alKlominal wall 


as suggested by Kchr' or the use of a tube extmuling into the bottle, 
large ('iiongh to break tlu' bile column. Methods more easily controlled 
winch j.nxlnee a reasonable iiilr.-iduela! pressure and allow tlie bile to 
be clieeted iu a receptacle on the floor are prepared bv j, lacing an 
napednrn.m to the outllow of bile. Tl.is can be accomplished by one of 
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assumed to interfere with clotting, either by direct action or by combin- 
ing with elements necessary for clotting. Petren^^’ was able to increase 
coagulation time in vitro by the introdSuction of bile salts, but it was 
necessary to increase the bile salts to 0.2 per cent, a value much 
higher than has been found in the blood by many authors, llethods 
for analysis of bile salts in blood arc not dependable, and a high bile 
salt level is not likely to be maintained. Bollman and Mann“ found that 
bile salts are rapidly excreted if in.iected into the blood stream. Carr 
and Foote=‘ present an unusixal theory for the hemorrhagic tendency in 
jaundice. Tliese authors assume that cysteine and mercaptans are in- 
creased in the blood in jaundice and that tliese svibstanees arc responsible 
for inhibiting clot formation. 

The causes of tlie bleeding tendency have not been determined. AH 
of the elements necessary for clotting have been suspected as being 
deficient, but collected data liave not substantiated these assumptions. 
In addition, the presence of substances which might prevent clotting 
has not been proved. The knowledge of metliods of preventing and 
treating bleeding in jaundiced patients has progressed farther than has 
the knowledge of the causes underlying the bleeding tendency in jaun- 


dice. 

Postoperative bleeding in the jaundiced patient is best treated by at- 
tention to the wound, by frequent blood transfusions, and by the intro- 
duction of ‘Glucose solutions by vein. When bleeding continues despite 
these measures, it is worthwhile to remove the drainage tube from the 
common duct to prevent irritation from the tube. 

Fluid intake should be controlled by supplying adequate fluids and 
salt to overcompensate for that lost not only through the usual channels, 
hnt also from the drainage of bile. For this reason, it is necessary to 
! tlmatc tot.1 flmd te. Contim»d loss ol l.ilo ,vill c«„sc Iho paticM 
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fluffy yellow crystals which can be preserved indefinitely. This ma- 
terial may be prepared from clean fresh human drainage bile or from 
fresh ox bile. We feel that lyophilized ox gall bladder bile is better than 
Imman drainage bile because of the presence of bile salts in high con- 
centration. 

The management of the T-tube drain persents several interesting and 
important considerations. Frequently during the first few days the 
material draining from the T-tube will appear bloody. It has been sug- 
gested that the cause for this is the sudden decompression of bile 
duels.**’ ** Slow decompression such as is commonly practiced in rela- 
tion to the urinary tract in retention has been suggested. This is prac- 
tically impossible to accomplish since the common duct must be opened 
for the introduction of the T-tube and the loss of even a few cubic 



Klfr. 1, — St>n|i}«* for jinuhial <lcconi|>re5f;lon of tho common bile tluct. 

ecnlimeters of Idle from the ductal .sy.stem will reduce the pre.ssure mark- 
edly. What is ju’obahly more true is that following drainage of the 
common dnet, the intraductal pres.sure is suddenly decrea.scd from a 
value of about dOO mm. of water not only to zero, but even lower, because 
actual suction is ajiplied by the habit of allowing the tube to drain into 
a bottle on the tioor. By tliis means there is exerted by the drag of the 
eohimn of bile a snetion on the eommou dnet of several feet of water. 
This can be overeome by several methods. The simjde.sf is tlic u.se of a 
ssnall bottle lyinrr next to the patient at the level of the abdominal wall 
us sugiiested by IJeid’* or tlu’ use of a lube extending into the Imttle, 
large emmgb to break the bile eohiinn. Metliods more easily eoiilrolled 
whicli produce a reasonable intraductal i»ressure ami allow the bile to 
be eollected in a reeeplaele on the floor are })repared by placing aji 
impediment to the outflow of bile. This can be aeeomplislied by one of 
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assumed to interfere M'ith clotting, either by direct action or b}’ combin- 
ing Avith elements necessary for clotting. Petren^’> was able to increase 
coagulation time in vitro by the introduction of bile salts, but it Avas 
necessary to increase the bile salts to 0.2 per cent, a value much 
higher than has been found in the blood by many authors. Methods 
for analysis of bile salts in blood arc not dependable, and a high bile 
salt leA^el is not likely to be maintained. Bollman and Mann'^ found that 
bile salts arc rapidly excreted if injected into the blood stream. Carr 
and Foote”' present an unusual theory for the hemorrhagic tendency in 
jaundice. These authors assume that cysteine and mercaptans arc in- 
creased in the blood in jaundice and that these substances arc responsible 
for inhibiting clot formation. 

The causes of the bleeding tendency have not been determined. All 
of the elements necessary for clotting have been suspected as being 
deficient, but collected data have not substantiated these assumptions. 
In addition, the presence of substances Avhich might prevent clotting 
has not been proA'cd. The knoAA’Iedge of methods of preventing and 
treating bleeding in jaundiced patients has progressed farther than has 
the knoAvledge of the causes underlying the bleeding tendency in jaun- 
dice. 


Postoperative bleeding in the jaundiced patient is l)est treated by at- 
tention to the Avound, by frequent blood transfusions, and by the intro- 
duction of glucose solutions by vein. When bleeding continues dc.spitc 
tliese measures, it is wortliAvhile to remove the drainage tube from the 
common duct to prevent irritation from the tube. 


Fluid intake should be controlled by supplying adequate fluids and 
salt to overcompensate for that lost not only through the usual channels, 
but also from the drainage of bile. For this reason, it is necessary to 
estimate total fluid loss. Continued loss of bile will caiAse the patient 
to lose not only large quantities of bile Avhich are so necessary to diges- 
i„„ assimiMior. »t lood, b„l also (ta const, U.onts ot b.Io, ,l.,ch 1», 
lion anu Tnb-,er^l stores. This may be compensated for by 
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patients. Tiie problem of the jaundiced patient is not a simple problem 
concerned with the release of mechanical obstruction to the outflow of 
bile. The patient with obstructive jaundice is ill from the elfeet of 
changes incident to the obstruction and suffers from an illness which is 
widespread in its effect. The attack on the local problem must Avait until 
the patient is properly prepared and attempts are to be made to simulate 
noi'mal physiologic conditions as closeh' as is possible throughout the 
entire coui’se of treatment. 
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two simple methods. The first is one commonly nsed in decompressing 
the urinary bladder. One arm of a glass Y-tube is connected to the 
T-tube in the common duct; another arm is connected to the collecting 
receptacle. The third arm is covered with sterile gauze to prevent con- 
tamination, but otherwise is left open to provide a vent for breaking the 
column of bile. The glass Y is then attached to a board, the height of 
which may be adjusted to any desired pressure level (Fig. 1). 

This apparatus is quite' effective and easily prepared and controlled. 
A'somewhat more elaborate apparatus for controlling intraductal pres- 
sure and which has a pressure-recording device attached may be made by 
the use of a glass pressure box through wliieh courses a loose thin rub- 
ber tube. Air forced into the pressure box compresses the tubing and 
prevents the exit of bile until the pressure in the duct reaches a pressure 
higher than that exerted ivithin the pressure box (Pig. 2). 



Removal of the T-tube from the common duet should be accomplished 
as early as possible to prevent excessive loss of bile and ascending infec- 
tion into the bile ducts. It is wse before the tube is removed to inject 
iodized oil imder fluoroscopic control to. determine whether the duct is 
patent to the duodenum. Even though the common duet is earefiflly 
e.xplored at operation, it is possible for stones to be overlooked and 
visualization of the duct with a I’adiopaque substance is of value. If 
stones are present, they may be dissolved by the injection of ether as 
suggested by Pribram."'^ The tube should not be removed until it is 
ascertained that there is free passage of bile into the common duct. 

In addition, to the proimntion of suction on the common duct, these 
methods maintain a steady gentle pressure vutliin the common duct, 
tend to force bile into the duodenum, and minimize the amount of bile 
lost through the drainage tube. 

In the management of cases of obstructive jaundice, the care before 
and after operation is of importance not only in the prevention of post- 
o erativc deaths, but also in the early restoration to health to those 
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ot unsuspected stones in tiie common bile dnct alvrays slionlcl be le- 
membered in operating on tbe gall bladder. iMost stones of the com- 
uiou duct can be palpated u’ith the thumb and forefinger. IIoneACi. 
some stones, when single and small and ndien in the ampulla, cannot 
he palpated. In these cases and in all other cases of stone of the 
common duct, hoivever, the pre.sence of the stones is indicated by 
enlargement of the duet or by change in its color. When the common 
duct is opened and explored and stones have been removed, exploring 
scoops of increasing size should be passed gently through the sphincter 
of Oddi into the duodenum. Tliis will permit overlooked, small, hepatic 
stones to pass the sphincter into the duodenum. I think it is well to 
emphasize again that, if patients have or have not undergone previous 
operations on the biliary tract, the absence of .iaundiee docs not ex- 
clude the possibility of stone in the common bile duct. In addition, 
stones in the common bile duct may manifest themselves clinically only 
by producing intermittent fever, and sometimes this fever is not asso- 
ciated with attacks of abdominal pain. 


OBSTRUCTION OF THE lULIARY TRACT AS THE RESULT OF^ INFLAMMATORY 
LESIONS l.V THE IHMO OF TUB FANOREAS 


In approximately 10 per cent of a group of 500 patients on whom 
I have oiierated for benign, obstructing lesions of the common bile 
duct, 1 have failed to find stones in the common bile duet when it was 
opened and the interior carefully explored. In these eases there has 
been an inflaminatiou of the pancreas, eholangeitis, and the bile fre- 
fiuently has been turbid. Culture of the bile has revealed, in most 
instances, a Gram-negative bacillus, cither in association with, or not 
in association with, streptococci and staphylococci. In most of these 
cases tbe gall bladder is iiitlamed and infection can be demonstrated 
to have extended from the gall bladder, through the wall of the eom- 
mon bile duct and probably through the ad,iacent lymphaties to botli 
pancreas and liver. In the.se eases removal of the gall bladder and 
prolonged drainage of the common bile duct have sufficed, in prac- 
tically all cases. co7np]etcly to eradicate the attacks of pain and .iann- 
dii-e. ^lany of flie.se patients have been followed for a period of five 
years siibse(|uent to operation. 


There is a group of deeply jaundiced patient.s, in exploration of 
whose abdomens a tumor is fmind h\ the head of the iiancreas. The 
itimor nsnally is thought t<i be malignant, and usually it is; but some 
of these patients, subsecuicnt to cludecysteutern.stomy performed for 
rebef of the biliary obstruction, have remained well for periods longer 
tbim fiv.. y,-ars. In a group ,.f li:t patients'- on whom eholeevsteii- 
t-Tostomy was t.-rfunued at the M„yo flini,. for tumors of the head 
of the pauercas. 1.', per .-enl were Jivi„e ^,.,.[1 (K-c years after 

opeuitmn, this lea. Is ti. the nss,|,„p(i„n that the lesion in the head 



PERSONAL EXPERIENCES IN THE TREATJIENT OP BENIGN 
OBSTRUCTING LESIONS OP THE BILIARY TRACT 

Waltjian Walters, jVI.D., Rochester, JIinh. 

(From Ihe Division of Surgery, Ihe Mayo Clinic) 

A S a participant in tlie syniposiiun on tlic liver and gall bladder I 
have been asked to discuss obstruction of the coinnion bile duet 
exclusive of inalignanc}'. In view of the desire of the editors of Surgery 
that the papers shall cover only essential details, I shall discuss briefly 
the followijig: (1) the causes of obstruction of the coinnion duet; 
(2) some of the factors which might lead to failure to recognize the 
condition when it is unassoeiated with jaundice; (3) the recent in- 
vestigations by Butsch, McGowan, and me^- ” of biliary pressure asso- 
ciated with biliary colic; and (4) the recent studies of McGowan and 
Knepper on duodenal motilitj- and its effect on the common bile duct. 
The investigations and studies mentioned are of clinical significance 
to that group of patients wlio continue to have biliary colic subsequent 
to eholecysteetomy and exploratoiy choledochostomy. 

Benign obstructions of tlie common bile duet are the result of (1) 
calculi formed, for the most part, in the gall bladder and extruded 
through the cystic duet into the common duct; (2) inflammatory lesions 
of the pancreas and of the wall of tlie common bile duct and of the 
intrahepatic ducts; (3) inflammatory tumors of the head of tlie pan- 
creas with and without duodenal ulceration; (4) strictures of the com- 
mon bile duct, usually traumatic in origin ; (5) benign tumors of the 
common bile duct such as neurofibromas; and (6) functional spasm or 
inflammation of the sphincter of Oddi or of the duodenal portion of 
the common bile duct. 

STONES OF THE COSUION BILE DUCT 

The most commou cause of obstruction of the common bile duct is 
biliarv calculus. Tliese stones, for the most part, are formed in the 
"all bladder and enter tlie coiiiiuoii duet througli the cystic duct. 
Such stones are usually faceted, although occasionally they may be 
ovoid. In some instances primary stones will form in the common 
bile duct. These are usually soft and are composed, for the most part, 
of bile pigment. Whereas it is usually thought that the presence of 
stone in the common bile duct manifests itself by typical attacks of 
biliarv colic associated with jaundice, such is not always the ea.se, for 
frennentlv stones in the common duct may produce biliary colic with- 
out iaundice or a feeling of discomfort subsequent to eating and with- 
out the nausea that results from pylorospasm. The possible presence 
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possible, liowever, to employ this procedure. In order to do so, it is 
neeessarj' that sufficient duct be present aboAm tlie stricture and that 
the duodenum be susceptible of sufficient mobilization to alloiT accu- 
rate anastomosis. When this is not the case and the stricture is found 
to involve practically the entire length of the duct, the surgeon has 
to be content either with establishment of an external biliaiy fistula, 
to be coned out and transplanted into the stomach or duodenum at a 
later time, or with insertion of a catheter or T-tnbe, one end of which 
is in tlie intrahepatic duct and the other in the duodenum, bridging 
the gap between with adjacent tissue, oecasionalh’" with omentum. 
Removal or passage of such tubes is almost always followed by recui'- 
renee of the stricture. Such an undesirable outcome is avoided when 
accurate cholcdochoduodenostomy or hepaticoduodenostomy has been 
made. In a few cases of small, localized stricture of the common bile 
duct, not completelj’’ obstructive, excision of the sti’ictured portion, 
with anastomosis of the normal ends of the duct, has been followed 
by good results. When, however, scar tissue is allowed to remain, even 
though the lumen of the duct has been increased by application of the 
Heincke-MikuUez principle, the scar tissue previously formed, asso- 
ciated with that Avhich follows the plastic procedure, again may pro- 
duce obstruction of the duet. 

In a group of 29 cases in Avhich resection of the common or hepatic 
bile duct or the ampulla of Vater was performed and which I reported 
before the meeting of the Southern Surgical Association in 1931,'^ 
recent follow-up studies have been made ; 48.3 per cent of the patients 
wore living and well more than fu’e years after operation. To date, 
my series of strictures of the common bile duct numbers 51 cases with 
a hospital mortality for the entire group of 13,7 per cent.’"- Mo.st 
of those patients were deeply jaundiced at the time of operation. The 
result in all operations for stricture, providing aeenrate anastomo.sis 
can be made between the stump of the duct and tlic duodenum, is 
dependent on the degree of infection of the wall of the duct itself as 
well as that of the liver, for, if an nnnsnal amount of inflammation 
exists in cither of these strneture.s, the obstruction may recur. 

liUNtON TfMOnS or THE TOM MON mLE OrCT 

Benign tumors of the common bile duct are exceedingly rare; most 
tumors involving the cxtrahcpatic biliary duets arc malignant. 

In lit.'lO 1 operated upon a patient who had a localized neurofibroma, 
1 cm. in length and 1 cm. in width, at the junction of the common 
and liepalio duets.'- The nenrofibromn was excised and the two ends 
of the heputie duet were anastomosed with the end of the common 
bile duct. Although the patient had some evidence of a mild degree 
of <dis!rnetion of the common duct duriiifr the first year and iirtlie 
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of the panerecas iu tliis 15 per cent was not malignant but inflamma- 
tory. In such cases, although a section removed from the head of the 
pancreas would clarify the diagnosis, the risk of such a diagnostic 
procedure has not been thought to be warranted in the light of the 
fact that the surgical treatment employed is practically identical, 
whether the tumor is inflammatory or malignant. That this percentage 
of patients, who were afflicted as lias been described, lived longer than 
five jeRi'S after operation, not only makes the outlook for such patients 
more hopeful but affords an argument in favor of surgical procedures 
for them. 

On scAmral occasions I have operated on patients who had ulcers in 
the posterior wall of the duodenum, with perforation into the pan- 
creas. Sj’mptoms were identical rvith those of disease of'the biliary 
tract. The intei’mittent pains and obstruction of the common duct in 
these cases were attributable to the perforation of the ulcer into the 
panei’eas and the associated edema of the pancreas, which produced 
stasis in the pancreatic portion of the common bile duct. In these 
cases a previous history of a tj'pe of dyspepsia characteristic of ulcer 
assisted iu the differential diagnosis, and gastroenterostomj’’ usually 
has resulted in healing of the ulcer and relief of symptoms. It should 
be a routine, therefore, in the course of all operations on the biliary 
tract, particularly Avhen there is a question of intewnittent obstruction 
of the biliary tract, to palpate both the posterior and anterior walls 
of the duodenum. This examination should be made even though roent- 
genologic examination of the duodenum may have given a negative 
result, for occasionally ulcers are situated so low in the posterior wall 
of the duodenum that they may be overlooked in the roentgenologic 
examination. 

STKICTURES OP TOE COIIJION BILE DtrCT 


Strictures of the common bile duet usually are traumatic in origin 
and manifest their presence by a history of prolonged biliary drainage 
subsequent to operation on the gall bladder or by the appearance of 
iaundice soon after such a procedure. In an occasional case oblitera- 
tive eholangeitis may be the cause of the stricture of the common duet. 

The treatment of stricture of the common bile duet, and also of 
external biliary fistula associated with stricture of the common bile 
duet always is surgical. Although various procedures have been de- 
scribed the most effective and lasting in then- beneficial re.sults have 
Ln choledochoduodenostomy or liepatieodiiodenostomy. This is an 
Womosk b.t.ve.n ll.« .tmnp of tl.o <l«ct obovo tl,o or above 
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some cases niorpliine prodiieecl spasm of the second portion of the 
duodeuiiiu and tliat it produced, also, what appeared to be spasm of 
the spliincter of Oddi, with increase in the pressure within the common 
duct. When amyl nitrite or nitroglycerin was administered, the spasm 
of the duodenum subsided, the lower end of the common bile duct 
relaxed, the brominol left the intrahepatie and common ducts and 
entered the duodenum, and relief of pain was obtained. 

In some cases in which biliary colic continued subsequent to opera- 
tion on the gall bladder, these conditions of spasm were found to occur 
both in the presence of, and in the absence of, stones in the common 
duct. It should be emphasized that stones in the common duct are 
usnally the cause of such recurring colic and always should be re- 
garded as the probable cause of the pain until the duet has been opened 
and thoroughly explored for stones. When .stone is not found, how- 
ever, the possibility that the spasm of the sphincter of Oddi or of the 
duodenum is a causative factor must be borne in mind. If the former, 
dilatation of the sphincter of Oddi frequently will give relief of the 
pain ; whereas, if the pain is attributable to increased duodenal pres- 
sure from spasm, reduction in iutraduodenal pressure can be accom- 
plished by duodenojejunostomy as Gi'ay has demonstrated. This has 
been tried and, although too short a time has elapsed to be certain of 
the end results, relief of the increased duodenal pressure and relief 
of pain have been demonstrated. 

.TAUXtIlCE, A COMPLICATING FACTOR IX OBSTRUCTION 
OF THE BILIARY SYSTEM 

Jaundice complicating obstructing lesions of the common bile duct 
introduces the tendency to excessive bleeding following surgical pro- 
cedures. Jaundiced patients need scarcely ever bo considered as can- 
didates for immediate or emergency surgical procedures. This is 
particularly true when it ajiimars that the jaundice has been flnetnat- 
ing in intensity. A period of delay allows study of the fnnclion of the 
kidneys, tlie liver, and the other jiarenchymatons organs and makes 
it possible to know the progress of the jaundice and particularly 
whether it is subsiding. Operation should be delayed until maxima! 
reduction in jaundice has occurred. Studies of the coagulation time 
of the blood in such eases afford valuable indiees not only of the tend- 
ency to bleed but also of liic function of the liver. In my experience, 
a prolonged eoagnlatiou time, when a patient has been jaundiced, usu- 
ally lias indicated more damage to the parenchyma of tlie liver than 
i-aii be considered an average amount for jamuliced patients. 

Wlicrcas the method of studying coagulation of the Wood deserihed 
by Lee nnd White afforded valuable gross evidence of wiile var-iations 
m I'oagrdability of the blood, the introduction by Kygaurd and Baldes'- 
of a physieoeiectric method in which, by uumns of a photoelectric ceil 
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years following, she was without evidence of disease of the biliary 
tract in 1935 when Comfort and P reexamined her. 


SPASM OP THE SPIIIN’CTER OF ODDI AND OF TUE DUODENUM 


The introduction of choledochography, or visualization of the com- 
mon and hepatic duets after introduction of an opaque substance, sneli 
as brominol or lipiodol, has assisted materially in studying the patho- 
logic physiology of the common bile duet. Not onl 3 " do cholecloeho- 
grams afford an indication of the size of the duet but they also reveal 
the presence of persisting filling defects attributable to stone; of per- 
sisting obstruction the result of pancreatitis, both with and without 
reflux of the media up into the duet of lYirsung; of persisting inflam- 
mation of the lower end of the common bile duet; or of sphincteritis 
or spasm of the sphincter of Oddi. Although it is recognized that 
persisting stones in the common duct u-ill cause persistence of symp- 
toms of disease of the hiliarv tract, it is not generally recognized that 
pancreatitis ma.v continue to do the .same thing. Visualization of the 
common bile duct b.v eholedoehograph.v has shown, however, that per- 
sisting pancreatitis will cause, in the common bile duct, continued 
stasis which may be re.spon.sible for recurrence of pain as well as pos- 
sible recurring formation of stone in .some eases. 

The problem of abnormal function of the .sphincter of Oddi has been 
called to attention by Mirizzi, b.v McGowan, Butsch and Walters, by 
Walters and Thiessen, and b.v Pavel. The last named author de- 


scribed cases of spasm of the sphincter of Oddi producing jaundice. 
Butsch and McGowan, of the Mayo Foundation, combining studies of 
choledochography with studies of pressure within the common bile 
duct, found that the pressure within the common duets of patients 
who had biliar.v colie attributable to spasm of the sphincter of Oddi, 


increased to as much as 200 or 300 mm. of water.-^ Using a substance 
opaque to the Koentgen ra.vs to measure the intraductal pressure in 
these eases and examining the duet under the fluoroscope, they demon- 
strated that in the presence of spasm of the sphincter of Oddi many 
of the .smaller intrahepatie duets filled. With the administration of 
nmvl nitrite or nitroglycerin, spasm of the sphincter of Oddi subsided, 
nain ceased, intraductal pre.ssHre dropped to within normal limits, and 
the opaque substance left the hepatic and common ducts. To determine 
tl 'r this effect was confined to tlie sjiliineter of Oddi alone, or 
it mi"ht involve the duodenal portion of the common bile duet, 
wie lei intraduodenal pre.s.surc were carried out by McGowan and 
stncies jlavo Foundation. These investigators injected barium 

KneppeijO ’ .i a duodenal tube orall.v inserted and in- 

i,.,„ the On ex«„.i„i„K ttese 
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those of biliary colic occurred. A fevr cubic centimeters of ether were introduced 
into the common duct through the T-tube, as suggested by Pribram, at first un- 
diluted and then mixed with an ethyl alcohol oily substance. Tliis produced -risual 
fragmentation of tlie shadow of what had seemed to be a single stone. Conse- 
quently amyl nitrite was administered in the course of an attack of pain and 
apparently relaxation of tlie lower end of tlie common duct occurred, allowing 
tlic fragmented particles of stone to be e.xpelled spontaneously into the duodenum. 
Subsequent cliolcdochograms gave evidence of a normal looking common bile 
duct, aosurc of the T-tube for more than ten days was not followed by any 
di.'comfort and since tlic T-tuhe has been removed the patient has not had abdominal 
discomfort. On other occasions, even as long as three months subsequent to 
cliolcdocliostomy, persisting pancreatic obstruction has been noted and has sub- 
sided after more prolonged drainage. 

SUMMARY 

The condition which most frequently produces obstruction of the 
coininon duct is biliary calculus. Less frequent causes of obstruction 
arc inflammatory lesions of the pancreas, associated with cholangeitis 
and strictures of the common bile duct. Jaundice, as well as chills and 
fever, may he absent. Stones in the common bile duct manifest their 
pre.sence by enlargement of tlie duct or changes in its color and, if the 
common bile duct is enlarged, it should be opened and searched for 
stones with e.xploring scoops. In an occasional case of stoue in the 
common duct the only symptom will be pylorospnsm or intermittent 
fever. 

Inflammatory tumors of the head of the pancreas may simulate car- 
cinomalotts tumors. Such enlargements may occur primarily, or sec- 
ondary to infection in the gall bladder, or secondary to perforating 
nicer.s of the posterior wall of the duodenum. 

Strictures of the common bile dnet are usually traumatic in origin 
and are bc.st treated by elioledoehodnodenostoniy or hepaticoduodenos- 
tomy if sufficient duet remains above the stricture to allow its anas- 
tomosis with the duodenum by means of an opening in the latter 
structure. 

Kecent studies by McGowan, Biilsch, and Knepper on the elTect of 
spasm of the duodenal portion of the common bile duct or of the 
spiiinetcr of Oddi have shown that .such spasm, occurring in human 
beings, can cause a type of pain similar to that of biliary colic, with 
increased pressure in the eonimon bile dnet and in the duodenum. 
Mitli administration of amyl nitrite or nitroglycerin the spasm disap- 
)>enrs, accompanied by relief of jmin and a drop in pressure within 
the dnoilennm and within the common duct. Tiieso manifestations may 
be the accoiapnnimenl of stone in the common bile dnet and the fart 
that a stone is not present can be determined only by intraduotnl 
exploration. 
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and an electric recording apparatus, an exact curve of the rate of 
blood coagulation can be recorded has been of great value. By giving 
an indication of disturbed coagulability prior to, as well as subsequent 
to, operation, this apparatus has given the first indication of approach- 
ing hemorrhage. 

By far the greatest aids to hastening the coagulability of the blood . 
of jaundiced patients have been solutions of glucose and of calcium 
chloride given intravenousty and blood transfusion. Glucose and cal- 
cium chloride, intravenously injected, have been used as a routine, 
in prepai’ation of jaundiced patients, at the Ma 3 m Clinic since 1921.*® 
These injections have been supplemented by blood transfusion given 
the day prior to opei-atiou if the patient has been deepty jaundiced 
or if the jaundice has been present for more than an av’erage time. 
When the jaundiced patient is operated upon, sui’gieal treatment 
should be directed toward relief of biliaiy obstruction with as little 
disturbance of tissue as possible. To this end I have frequently 
resorted to eholeei'stostomj’- rather than to eholecystectomsq since 
removal of the obstructing lesion in the common bile duct is the point 
to which surgical attention of necessity is directed. At the same time, of 
course, stones in the gall bladder should be completely removed to pre- 
vent their entering the common bile duet at a later time, causing the bili- 
ary obstruction to recur. Prom my having operated upon approximately 
500 such patients in the last twelve years, I liave become convinced 
that for deeply jaundiced patients the decreased risk of choIec.rstos- 
tomj’-, as a part of the removal of a stone from the common duct, far 
overshadows the fact that in a few of these cases it will be necessary 
to perform cholecj'Stectoray at a later time. 

CHOEEDOCHOGRAPHY 


Following the recommendations of Overholt, Mirizzi, Bartlett, and 
others eholedochographj" has been a postoperative routine on mj' serv- 
ice at the Majm Clinic since 1934. I do not remove a T-tube inserted 
in the common bile duct at the time of operation until postoperative 
choledochograms have revealed that the previously dilated duct has 
returned, subsequent to operation, to iiormal size and that there are 
10 visual filling defects apparently attributable to stones retained in 
duct The advantages of such methods of study of the common 
bile duct have been stressed in previous communications.=^o. =3 

CASE REPORT 


^ the patient was an obcfc m.nn, oO years of npp, on whom 

In a recent case * elsewhere and from wl.osc common Idle duct 

cliolecystectomr nan « i Postoperative cholcdocl.offninis rnvenled 

one stone iiad been rem portion of tlie common bile duet, 

a ciTCumscribed, nega iv • T-tube wms clo.sed, armptomK rc-semblina 

as though a stone were prese . 



LIGATION AND KEFKIGEBATION OF INTESTINE 

Frederick 51. Allek, 5LD., New York, N. Y. 

(From the Polyclinic Hospital) 

I T HAS been .sliown elsewhere’ that tlie limbs of animals can withstand 
at least 15 hours of deprivation of blood at room tempeiatuie 
and periods of up to 54 hours at ice temperature. On the other hand, 
slight elevations of temperature greatly shorten the period of endurance. 
The literature dealing with both the tolerance of local asphyxia and 
the constitutional effects (shock) has been considered in other papei’s.' 

Valid comparisons between the resistance of the peripheral tissues 
and of the viscera, therefore, can only be made at identical tempera- 
tures. This point, which is purely tlicoretieal, was not tested experi- 
mentally. It was e.stablishcd, however, that the abdominal ^^sccra differ 
rather widely among themselves in resistance to asphyxia, and from the 
data it appears possible that some of them, at least, arc as resistant as 
the limb tissues at the same temperature. 

Although the intestine is one of the more resistant of the abdominal 
viscera, surgeons seem to agree that it cannot survive more than six 
hours of complete lack of blood. In considerably less time than this it 
suffei’s damage whieli is expressed in dark di.scoloration, atony, and 
subseiiueut severe inflammation. An exact time limit under practical 
clinical conditions will probably be hard to establish, because infection, 
intoxication, and particularly fever must greatly reduce the period of 
resistance as compared witli the normal bowel. Tliis .survival period is 
not exceeded in any warm-blooded spceics of animals and in some of 
them the limit is much shorter, perhaps because of higher body tempera- 
ture or more active metabolism. Thu.s, the rat intestine seems to slough 
after 2 to 3 hours without circulation and that of the rabbit, after about 
4 hours. 

On the other hand. ])hysiologists commonly keep various organs or 
tissues at refrigerator temperatures for periods of days, with retention 
of even tlie finer functions. As early as ]t!13. Cannon and BurkcF 
pointed out that, when a piece of small intestine is kept on ice for 24 
iioiu's and then placed in warm saline solution, the occurrence of 
rbylbmie contractions deinonslrate.s pre.servation of the mventerie 
plexus. Their description of similar jtreservatinn for G or 7 houre when 
the ve.ssels were merely ligated leaves it uncertain whether the bowel was 
e.vposed to boily or room teinjieratnre. 

.\s far as known, the pre.sent experiments are the first dealing with 
tvfrige ration of intestine in .situ and subse<inent restoration of circula- 

fi>r II, 1^2v. 

son 
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The presence of jaundice in a case of hiliaiy ohstnietion requires 
particular attention to control the tendency to bleeding. Solutions 
of glucose and calcium chloride, given intravenously, and transfusion 
of blood form the most effective medical methods of combating this 
tendency. Those methods should be applied preliminary to, and fol- 
lowing, surgical relief of the biliary okstruction. 
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tion. The results conform to the physiologic experience with isolated 
organs and with my observations on refrigeration of limbs. The I'c- 
duced temperature necessarily favors tissue preservation by inhibiting 
local metabolism (oxygen consumption and accumulation of wa.ste prod- 
ucts). For the same reason, instead of causing shock, it practically 
abolishes shock effects. 

Tests of this kind can be performed by selectmg a loop of intestine, 
protecting each limb of the loop at its base together with the adjacent 
mesentery Avith thin gauze or muslin, and applying a rubber ligature 
around the cloth, tightly enough to stop circulation but with avoidance 
of extra tension which would unnecessarily injure tissue or vessels. The 
loop is then dropped back into tlie peritoneum and the laparotomy 
wound closed with temporary sutures until the end of the test period. 
For tests ivith refrigeration, the loop is kept outside the abdomen by 
sewing the edge of the cloth to the margins of the wound, and the 
abdominal wall is closed around it so as to expose the loop up to a 
trifle above the ligature. The animal is then secured in a holder having 
a suitable slot in the bottom, so that the loop can be submerged in iced 
saline solution up to the abdominal wall, without Avetting more than a 
A-cry small surrounding area. The jar containing the saline solution 
is set in another vo.sscl containing a mixture of ice and salt, and a 
thermometer is used to stir the saline solution frequently so as to make 
sure that tlie temperature in the immediate vicinity of the loop is main- 
tained as nearly as possible bctAA-ccn 0 and 2° C. Apprehension Avas 
felt at first that the pre.ssurc of the ligature miglit cause necrosis of the 
boAvel or thrombosis of its ve.ssels, but, altliough tliis danger is real, it is 
minimized aa-Iicu the refrigeration includes not only tlie asphyxiated loop 
hnt also a narroAv zone above the ligature. 

A considerable series of experiments As’cre fir.st })ei'formed upon rats. 
Avitb ligation of various lengths of intestine for A-arious periods of 2 to 6 
hours. It Avas oa.sily c.stabli.shed that the intestine after sncli treatment 
with refrigeration retains excellent color and lone Avithout signs of 
gangrene. Tlie mortality, hoAvever, Avas A-ery high, evidently from chill- 
ing and exhaustion, in .spile of attempts at artificial warming of the 
body, beeause tlie blood counts gave no indication of shock but the body 
temperatures fell vei-y Ioav. Ivurgcr animals, therefore. AA'cre used for 
continuing tlie exiieriments. The records shoAvn in the table are illustra- 
tive. 


Ur. A. P. I'rirc Icimllv proviilisl the folloKiiij: aililifioiuil data for the Wood of 
• ’at 1) oil the day of deatli; difforcntial: h-.rpe and matt lymphoi’yte?, 22 per cent; 
imiliire poUia(.rp!i.s On jK>r <-en( : immature polymorphu, IS per rent; tdood sURar*. 
S's ; urea, X r,ii, Nl’N S-A; pla.«mn. NaCT -IMi ni<r. jn'r eent. 

.\t autopsy tlie heart ami Rrrat %cim. of this rat were full of hlomt. Lunps were 
oorintd. Liver «a- omderately ronKesie.J. Other vlM-era. ineluditir: spleen nnd t.one 
marr.m, were pro-dy normal. Slomaeh was tiKhtly eonlraete.1 and emptr eteepi for a 
pate yellmv fluid; there were sie,,, vomi|i„c of mk!, fluid. The pe-do- 


litlle 
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Table I 

Ligation and Eefrioerawon of Intestine 
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Babbit 

A 

10 cm, of 
empty 
small in- 
testine 

7 

2« 

33-31° 

Pink color, 
iirni tone 
of loop 

Uneventful recovery ; 
no important 
clianges in blood 
count 

Babbit 

B 

10 cm. of 
eecnm 
and colon 
full of 
feces 

7 

0° 

33-31° 

No discolor- 
ation or 
atony 

Death in Si hours, 
with fever" 39° C., 
red cells slightly in- 
creased, leucocytes 
reduced 

Cat A 

12 cm. of 
Ciiipty _ 
small in- 
testine 

8 

0-2'’ 

32-31° 

Pink color, 
firm tone 
of loop; 
no obsti- 
pation, 
diarrhea 
or disten- 
tion 

Cat unwell; subnor- 
mal temperature; 
red cell count foil 
from 9.1 to 5.7 mil- 
lions in 15 hours; 
leucocytes rose 
briefly to 24,200; 
normal after 3 days 

Cat B 

10 cm. of 
emptj’ 
small in- 
testine 

10 

2-5° 

31° 

Same 

■Weakness, anorexia ; 
no vomiting or 
fever ; blood 
changes similar to 
above; normal after 
5 days 

Cat 0 

Loner 

4 

2-8° 

«O0 

Same 

Temporary leuco- 
eytosis; gradual 


small in- 
testine, 
not all 
empty 


fall of rcfl cells 
from n.O to G.2 mil- 
lions in 2 (lays; 
anorexia, constipa- 
tion, marked pros- 
tration; recovery in 
5 ilavs 


Cat U 


Entire 

availalilc 

intestine 


33° 


Same 


Brief Icncocytoais 
above 100,000 cells; 
progressive fall of 
counts to 11,700 
IcHcocytc.s, 2,700,000 
red cells on sixth 
day ; subnormal 
temperature, ano- 
rexia, trivial diar- 
rhea; increasing 
prostration to death 
on seventh ilav 


Al.I.EX: LIGATION' AND REFRIGERATION' OF IN'TESTIXE S9T 

l)vic£ time at room or body temperatiire, the teduetion of adhesions hy 
cold seemed definite and positive. In particulai', the paralysis of the 
omentum hy cold, so that it does not migrate or cling in the usual man- 
ner, is visibly evident during and after refrigeration. It seems probable 
that cold completely prevents the immediate formation of adhesions and 
tlms allows slightly injured organs to repair themselves without form- 
ing attachments, but it does not prevent the later formation of adhesions 
when surfaces are too badly injured or stidppcd of peritoneal eovei'ing. 

Several experiments were performed, without ligation, chiefly in rate 
i)y packing the peritoneal cavity with ice or irrigating it Avith iced saline 
solution while the animal was suspended in a warm hath to keep up the 
general body temperature. Also, animals which had developed peri- 
tonitis from accidental causes were treated similarly, with or without 
the use of antiseptics in the peritoneum, ivith the idea that the cold 
might retard the absorption of cither toxins or chemicals. Cleansing 
of tlie peritoneum, which is considered practically impossible, might 
thus become feasible and the subsequent hyperemia conceivably might 
increase resistance. Though this work ivas not tliorough or conclusive, 
it gave the impression that the method is useless because the infection 
is in the peritoneal tissue and not merely on its surface and also that 
the manipulations arc harmful. 

The same conclusion was reached in an experiment with a pure cul- 
ture of Slajyhylococcux albus, selected as an organism of low virulence. 
The growth from one agar .slant ivas emulsified in 30 c.c. of saline solu- 
tion and divided in two lots of 15 c.c. each. These were injected intra- 
peritoneaily in two cats. Both vomited and were somewhat unwell 
within one-half hour. Laparotomy then was performed under amytal 
and a little ether. The spleen and entire intestine of one cat ivere 
brought out into a howl of saline solution at about 38° C. and washed 
gently for ten mimitos. The .sjdecu and intestine of the other eat were 
similarly evenlrated, their circulation cut off hy long elastic clamps, 
and 1i\ey were first jiainted with mereurochromc and then washed for 
ten minute.s in sueee.ssive howls of iced saline solution. Both wounds 
were closed immediately after the treatment. The fir.st cat recovered 
will) seareely any symptoms. Tlie second died after three days with 
the abdomen full of white staphyloeoeeal jms. 

Tlioiigh the resistance was evidently lowered hy this treatment, it 
must he notieeil that tiie entire peritoneum was infected, itwluding 
parietal and other surfiiees nut included in the ligation arnl refrigera- 
Imn. and these purt.s miuht have hecji afiVctcd injuriously. It was in- 
tended to perform otlier exiwrimenls more strictly localized, in which 
the <'vcntrat<'d tsuvcl wonhl he suspended in an iced haelerinl susjjen- 
si.m dnrii.c ligation, hut under tlie eireumstanees the.se eonld not he 
carried to any positive conclusion. 
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neuin was free from exudate, its surfaces glistening, not inflamed. The intestine was 
empty throughout except for a trifle of fluid like that in the stomacii and completely 
free from adhesions j the walls were firm and moderately contracted, completely free 
from signs of necrosis, inflammation, or edema. The gjill bladder contained about 
1 c.c. of turbid light yellow bile. A smalt amount of urine was free from sugar, 
acetone, and albumin. The brain and spinal cord were negative to inspection. 

Microscopic report from Dr. Price: Lungs, pancreas, adrenals, thyroid, and 
parathyroids were essentially normal. There was simple passive congestion of liver, 
without fatty changes; slight lymphocytic infiltration in some portal canals; small 
amount of yellow pigment suggesting hemosiderin, chiefly within some of the 
hepatic cells, also in some KuplTer cells. Other sections of liver showed some 
simple toxic degenerative changes with beginning necrosis. Kidneys: no evidence 
of true nephritis. Glomeruli were moderately congested but well preserved. There 
was marked cloudy swelling and some degeneration in tubules; either hydropic or 
fatty vacuolation of cells in convoluted tubules; several focal areas of lymphocytic 
and monocytic infiltration in cortex. Spleen appeared somewhat collapsed, with 
prominence of muscle trabeculae and obliteration of follicles, with fibrosis where 
some follicles should be. Stomach was normal. Duodenum showed some cloudy 
swelling of the muscle fibers. “Sections from the intestinal wall show some loss 
in goblet cell formation, slight increase in acidophilic staining of the cells, and 
simple degenerative changes in the epithelium. There is no evidence of any marked 
degree of exudative peritonitis, altliough some sections do siiow the submucosa pre- 
senting an increase in lymphocytic infiltration in tlie perivascular areas.” Smc.ars 
of the marrow from femur and ribs appeared normal. The abdominal lymph glands 
showed some edema and congestion, with small areas of necrosis surrounded by 
reticuloendothelial hyperplasia. No blood cultures were taken. 


Several otlier attempts of this kind gave the same type of result with 
still earlier deaths. Likewise, several trials witli ligation of special por- 
tions of the intestine (upper part for endocrine possilrilities, lower part 
for fecal absorption, etc.) proved fatal, partly or wholly hceanso of the 
poor facilities, 

OBSERV.VTIONS OK PERITOKITIS 


Two results of the work with intestinal ligations rcqnire additional 
mention : 

1. The experiments were all performed with .shaving or plucking of 
only a small area of the abdomen and with no attempt at asepsis; never- 
theless with all the ligations, of all durations uj) to IG hours, .symplom.s 
or si-'ns of peritoneal infection were never encountered. Although the 
rnt and rabbit have very high natural resistiinee, the cal i.s reputed to 
be fairlv susceptible to peritonitis. In the alxsenec of controlled proof 
there is a possibilitv that the refrigeration and ligation may increase 
be local resistance, perhaps through the ensuing hyperemia It at lea.st 
seems certain that this treatment docs not senou.sly lower the peritoneal 

resistance. ,, , 

2 Adhesions wore strikingly absent after al the hgation.s, e.xcept 

, few in 

whS"fte1ntcstine had been similarly handled or ligated for „ very 



EXPERIMENTAL ATTEMPTS TO PREVENT OR ABOLISH THE 
HYPERTENSION THAT IS ASSOCIATED WITH 
RENAL ISCHEmA 

Sanford E. Levy,® JiLD., and Alfred Blalock, JLD., Nashatlle, Tenn. 

(From the Department of Surgery of randerhilt Dniversityt ) 

A n INGENIOUS method for the production of persistent hyperten- 
L sion in dogs has been described by Goldblatt and his associates.^ 
It consists of constricting the main renal arteries by means of special 
silver clamps devised for the purpose, ilany different experiments by 
various workers have been and ai-e being performed in an effort to explain 
the mechanism of this type of hypertension. JIuch of the work has been 
reviewed recently by Goldblatt- and by us.® The prevailing evidence 
at present indicates that this type of experimental hj-pertension is due 
primarily to a humoral and not to a nervous mechanism initiated by 
ischemia of the kidneys. The nature of the hypothetical substance re- 
.sponsible for inducing the Ivjpertension has not yet been determined. 

The present paper deals with experiments in which an attempt has 
been made to gain additional information concerning tlie mechanism 
whereby renal ischemia induces the development of hypertension. 

METHODS AND RESULTS 

Seven different types of experiments were performed. Tlie method 
which was used for the blood pressure determinations consisted of 
puncturing tlie femoral artery with a needle that was connected to a 
mercury manometer. 

I. 2Vic Effects on the Blood Pressure of Connecting the Eenal Vein to 
the Portal System Prior to Constriction of the Renal Artery. — One of 
the iirevailing theories in regard to the etiologj* of experimental renal 
iiypertcnsion is that the ischemia is associated with the formation of a 
pre.s.sor substance which, wlicn liberated into tlie blood stream, causes a 
rise in the blood pressure. These experiments were performed in order 
to lest the iio.ssible role of the liver in removing this hypothetical sub- 
stance from the blood. Through an incision in the left flank, the splenic 
and renal pedicles were exposed. The left renal artery was oechuleil 
tiaaporarily by a bull-dog clamp. The splenic and renal veins were di- 
vided and the distal end of the renal vein was anastomosed to the jiro.':- 
imal end of the splenic vein, thu.s forcing a large part of the blood from 
the kidney to return to the heart by way of the liver. The clamp was 
removed from the artery and the incision was eIo.sed. These procedures 
alone at limes resulted in a temporary rise in the blood prc.ssure. Several 

•Natiuiml l-Vllo\v (n tin' MMicnl 

IAJIimJ hy n Omni in V^ntl^TbUt rnlvfr.-*!ly i>v thr of Peb-nr#'*? 

th*‘ lbv-U«Ml. r 

U'-trlvt-*! pijbib ntion. Mnrrlj 2, 
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The salient point established is that ligation combined with refrig- 
eration seems to have a powerful effect in preventing shock, toxic ab- 
sorption, and formation of adhesions, as well as maintaining the vitality 
of the tissues. It, therefore, might offer a promise of clinical useful- 
ness in cases of extensive wounds or infections involving the intestine, 
if the single serious objection could be obviated. This obstacle is the 
fatal cachexia and anemia which have followed refrigeration of the en- 
tire intestine. Further experiments must decide whether this condition 
is due only to the crude methods necessitated bj’’ the laelc of facilities, 
■whether it is peculiar to eats or whether it represents a special disturb- 
ance of metabolic or other unlmonm character. 


CONCLUSIONS 


1. Animals have survived the ligation and refrigeration of short loops 
of intestine for as long as 16 hours and of half of the small intestine 
for 4 hours. 

2. Among the noticeable results at the end of such treatment are the 
rosy pink color and very firm tone of the intestine. Microscopically 
the walls show edema and some infiltration for a time, but there arc 
no clinical S3'mptoms of either obstruction or paralysis at any stage. 

3. The formation of adhesions seems to be largely inhibited, though 
denuded areas necessarily form attachments later. 

4. Eesistanee to peritoneal infection seems not to be lowered and may 
possibly be increased. 

5. Some degree of cachexia and anemia follows everv severe proce- 
dure of this kind. These liavc proved fatal in all experiments with 
ligation of the entire intestine. If further investigation proves this 
to be a specific disorder, it may possibl.v prove of interest to studenls 
of anemia. 

6. If this difficultj^ can be removed, the method described mn.v pos- 
sibly become useful in certain surgical cases. 
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RENAL ISCHEMIA 
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(From the Department of Surgery of Vanderhilt University^ ) 

A n INGENIOUS method for the production of persistent hyperten- 
i sion in dogs has been described by Goldblatt and his associates.’ 
It consists of constricting the main i-enal arteries by means of special 
silver clamps devised for the purpose. Slany different experiments by 
various n’orkers liave been and are being pei’formed in an effort to explain 
the mechanism of tliis D-pe of hypertension. j\Iuch of the work has been 
reviewed recently by Goldblatt- and by us.’ The prevailing evidence 
at present indicates that this tjpe of experimental hypertension is due 
primarily to a humoral and not to a nervous inecbanistn initiated by 
Lscheinia of the kidneys. The nature of the hypothetical substance re- 
.sponsible for inducing the hypertension has not yet been determined. 

The present pa])er deals with experiments in which an attempt has 
been made to gain additional information concerning the meclianism 
whereby renal ischemia induces the development of hypertension. 

METHODS and results 

Seven different types of experiments were performed. The method 
which was used for the blood pressure determinations consisted of 
puncturing the femoral artery with a needle that was connected to a 
mercury' manometer. 

I. The Effects on the Blood Pressure of Connecting the Penal Vein to 
the Portal System Prior to Constriction of the Renal Artery. — One of 
the prevailing theories in regard to the etiology of experimental renal 
hyj)erlension is that the ischemia is associated with the formation of a 
pre.s.sor substance which, when liberated into the blood stream, causes a 
rise in the blood pre.ssurc. The.se experiments were performed in order 
to test the po.ssible role of the liver in removing this hy'potlictical sub- 
stance from the blood. Through an incision in the left flank, the splenic 
and renal ijccliclcs were exposed. The left renal artery was occluded 
temporarily by a hull-dog clamp. The splenic and renal veins were di- 
vided and the distal end of the renal vein was anastomosed to the ))rox- 
imal end of tlie splenic vein, thus forcing a large part of the blood from 
the kidney to returiv to the heart by way of the liver. The clamp was 
removed from the artery and the incision was closed. Those procedures 
alone at times resulted in a tcmimrary rise in the blood pre.ssurc. Several 
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days later, the riglit kidney was removed. After allowing the animal to 
recover from this operation, the left renal artery was partially occluded 
by a Goldblatt clamp. 

Eleven experiments of this type were attempted but all except four 
were failures for various reasons. A rise in the arterial blood pressure 
occurred following the production of renal ischemia in the four experi- 
ments. The elevation in pressure was of approximately the same de- 
gree as one would have anticipated had the renal blood been emptying 
normally into the inferior vena eava instead of into the portal system. 

II. Effects of Renal Ischemia on Blood Pressure After Having Dam- 
aged Kidneys by Temporarily Blocicing Renal Veins. — It seemed pos- 
sible, although unlikely, that severe damage to the kidneys might alter 
the response to a diminution in their arterial supplj*. For this reason, 
the renal veins of four dogs Avere completely occluded for an average 
period of four hours. A number of days separated the occlusion of the 
veins of the Gvo kidneys. One of the animals developed a temporary rise 
in arterial pressure folloAving these procedures alone. FolloAving the 
recovery of the animals, the renal arteries were partially occluded by 
Goldblatt clamps, and all of them showed a definite rise in the arterial 
blood pressure. Except for some diminution in their sizes, the Iddneys 
appeared essentially normal at autopsy. 

III. Effects of Constriction of Renal Veins After a Rise in Blood 
Pressure Had Been Produced by Partial Occlusion of Renal Arteries . — 
It has heen shown^ that constriction of the renal arteries to the degree 
that results in hj'jjcrtension is associated with a diminution in the renal 
blood floAV and with a decline in the pressure in tlie renal arteries. It 
was thought that the rise in pressure in the kidney vessels wliich would 
be associated Avith constriction of the renal veins might result in a decline 
in the "cneral arterial blood pressure. In tAvo animals in Avliich hyper- 
tension'^had followed partial occlusion of the renal arteries, tlic renal 
veins Avere constricted with Goldblatt clamps. The arterial blood pre.s- 
sure rose slightly in one experiment and declined slightly in tlie other, 
but the changes were no greater than tho.se frerinenlly encountered in 


this tvpe of hypertension. 

iv' Effects of Constriction of Artery to Rcmaimng Kidney When 
Adraial Gland on That Side and Kidney on Opposite Side Have Been 
. y _It has been sIioaati- ^ that bdaterai adrenalectomy prcA’cnts 
Sslics hvpertcnsion due to renal ischemia. Coav= described a direct 

vascular connection between the medullary portion of the adrenals and 
Aascumi c-Hted- “Under certain conditions adrenalin in ap- 

thc kidnejs. rmured directlv into llie kidneys from the supra- 

<iwnu,i.n ^ ,i.o no.. .t 

renal p jj^j^cnals may be regarded ns direct regii- 

concluded J .fivitv Since coii.slriction of the renal artery re- 
lators of urinal J ac . j|istul to the clamp and since the 

suits in a concerned in the collateral arterial (drciiln- 

artcric-s to the aciiei . 
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tioii tliat develops, it seemed possible, altliougli unlikely, that the re- 
moval of tlie adrenal on the side of the remaining kidney might influence 
the response to renal ischemia. 

Four experiments n'ere performed in which the right kidney was re- 
moved, the left adrenal gland was removed, and, either immediatel}' or 
several days later, a Goldblatt clamp Avas placed on the left renal artery. 
A definite rise in blood pressure oecurred in all instances. 

V. Effects of Freeing Adrenals Except for Small Attachments Along 
Renal Pedicle on the Hypertension Associated with Renal Ischemia . — 
As stated, it has been shown that bilateral adrenalectomy prevents or 
abolishes hypertension due to renal ischemia. Goldblatt- foiuid that an 
amount of cortex witliout medulla close to the minimum requisite for 
survival still permitted the development of hypertension due to renal 
iscliemia. The pre.sent experiments were performed in order to determine 
if a marked rednetion in tlie blood supply to the adrenals would abolish 
the liypertension associated with renal ischemia. 

Six experiments were performed on dogs with hypertension in ivliich 
tlie adrenal glands were freed except for their attachments along the 
renal ])edicle. Little if any alteration in the blood pressure followed 
this operation. Subsequently in several instances the adrenals were 
completely freed of all attachments and the blood pressure declined 
markedly. 

Yl. Effects of Renal Ischemia on Blood Pressure ^Yhcn One Adrenal 
lias Bren Removed and the Other Adrenal Has Been Completely Dc- 
nervaied by Transplanting It to the Nech. — It has been noted pre- 
viously''' “ that constriction of the artery to a kidney which has been 
deiicrvated by transplantation re.sults in an elevation in the blood pres- 
sure. As stated, renal ischemia is not associated ivith hypertension if 
lioth adrenal glands are removed. The pre.sent experiments were per- 
formed for the purpose of determining whether or not renal ischemia 
will result in hypertension if the adrenal glands are denervated. The 
most obvious manner of accomplishing this appeared to bo to transiilant 
one adrenal to another part of the body, such as the neck, and subse- 
(luently to i-emove the other adrenal. This method will be described 
suhse(iuently hut sufliee it to state liere that the adrenal was transplanted 
together with the ad.iaeent kidney and this kidney was removed later 
le.-iving the adrenal in the neck. Following the removal of the nontrans- 
])lanted adrenal, a (toldblatt clamp was apjdied to the artery of the 
remaining kidney. 

Three experiments of this type were ])erfoi'med. In each instance a 
definite elevation in blood i>re.ssnre was noted following the jiartial 
constrict ion of the artery to the remaining kidney. The results of an 
individual exjjeriment follow and the blood pressure readings are given 
graplncally in h'ig. 1. 


A'l-ri' ai'i-roNoiiMlrly L''.0 tntii. Hg. 


Control lilooil iiri'-vun- on Xov. S, ft, .-on! in, laat 
Xov. 11. oiln-r aiie-o.l.oMn, l,.f( Id.Inoy nrnl mlronnl 
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da3’s later, the right kiclne.v was removed. After allowing the animal to 
recover from this operation, the left renal arteiy Avas partial!}" occluded 
b}" a Goldblatt clamp. 

Eleven experiments of this type were attempted but all except four 
Avere failures for Amrious reasons. A rise in the arterial blood pressure 
occui’red folloAA'ing the production of renal ischemia in the four experi- 
ments. The elevation in pressure AA'as of approximately the same de- 
gree as one Avould have anticipated had the renal blood been emptying 
normally into the inferior vena caA-a instead of into the portal system. 

II. Effects of Reiidl Ischemia on Blood Pressure After Having Dam- 
aged Kidneys hy Temporarily Blocling Renal Veins. — It seemed pos- 
sible, although unlikely, that severe damage to the kidneys might alter 
the response to a diminution in their arterial suppl}". For tliis reason, 
the renal veins of four dogs Averc completely occluded for an average 
period of four hours. A number of days separated the occlusion of the 
veins of the tAVO kidneys. One of the animals developed a temporary rise 
in arterial pressure folloAving these procedures alone. FolloAving the 
recoAmiy of the animals, tlie renal arteries Avere partially occluded by 
Goldblatt clamps, and all of them shoAA-ed a definite rise in the arterial 
blood pressure. Except for some diminution in their sizes, tlie kidneys 
appeared essentially normal at autopsy. 

III. Effects of Constriction of Renal Veins After a Rise in Blood 
Pressure Had Been Produced hy Partial Occlusion of Renal Arteries . — 
It has been slmAAm-* that constriction of the renal arteries to the degree 
that results in hypertension is associated Avitli a diminution in the renal 
blood floAV and Avith a decline in the pressure in the renal arteries. It 
Avas thought that the rise in pressure in the kidney vessels Avhich Avould 
be associated Avith constriction of the renal veins miglit result in a decline 
in the "cneral arterial blood pressure. In tAvo animals in Avhich hyper- 
tension'^had followed partial occlusion of the renal arteries, the renal 
veins Avere constricted Avith Goldblatt clamps. Tlie arterial blood pres- 
sure rose slightly in one experiment and declined slightly in the other, 
but the chango.s' Avere no greater than those frequently encountered in 


this tA'pe of hypertension. 

iv" Effects of Constriction of Artery to Remaining Kidney When 
Ad - nal Gland on That Side and Kidney on Opposite Side Have Been 
jijjg jjgen shoAAiF'^ that bilateral adrenalectomy prevents 
^""mlpllies hvpertension due to renal ischemia. Coav^’ described a direct 
mv connection betAveen the medullary portion of the adrenals and 
A-ascuia stated: “Under certain conditions adrenalin in aji- 

the kidncAS. ig -noiircd directly into the kidneys from the supra- 

renal bodies,^ 1 j adrenals may be regardcrl as direct regu- 

concludcd b} ^ ^ .jivitv Since constrict ion of the renal artery re- 
lators of urinal} ac ,„.ps.sHre distal to the clami) nnd since the 

suits in a j„.e concerned in the collateral arterial eirciila- 
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One of the findings in distemper is an elevation in the temperature, 
and it was thought that the fever might be responsible for the decline in 
blood pressure that had been observed in some of the animals. For this 
reason, the effects of hyperpyrexia were studied. The two methods 
chosen for producing artificial fever were (1) exposure to an atmosphere 
witli an elevated temperature and (2) the infection intravenously of 
0,5 to 1.5 c.c. “double strength” tj’phoid vaccine. Three animals with 
liypertension were placed each day for from five to ten days in the wann 
compartment. The daily exposure was for approximately four hours. 
The temperature of the animal at the end of this time varied from 104 
to 107° F. and there was usually a temporary decline in the blood pres- 
sure of from 10 to 20 mm. Hg. However, this decline was only tempo- 
rary and it returned by the following morning to its previous level. A 
sustained reduction in the blood pressure was not encountered in the 
three experiments. The same was true in the one experiment in which 
liyperpyrexia M'as caused by injecting typhoid vaccine. 

SUMMARY 

The results of experiments which were performed in an attempt to 
prevent or abolish the hypertension that is associated with renal ischemia 
arc reported. Partial constriction of the renal artery or arteries was 
common to all experiments. Efforts to influence the response to renal 
ischemia included (1) anastomosis of the renal vein to the portal system, 
(2) previous damage to kidneys produced by temporary occlusion of 
renal veins, (3) partial constriction of renal veins in presence of hyper- 
tension, (4) removal of adrenal gland on side in which renal ischemia 
is produced, (5) the freeing of the adrenal glands except for small at- 
tachments along the renal pedicle, (6) removal of one adrenal and de- 
nervation of remaining one by transplanting it to the neck, and (7) 
liyperpyrexia. All of the.se attempts were unsuccessful in altering the 
response of the blood pressure to renal ischemia. A severe illnc.ss .such 
as distemper is usually accompanied by a decline in the elevated blood 
pressure that is a.ssociatcd with experimental renal ischemia. 
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transplanted to neck. Organs without blood supply for tliirtj'-five minutes. Blood 
pressure remained at essentially preoperative level. Dec. 13, right adrenal gland 
removed. Animal’s condition remained about the same; blood pressure not altered. 
Dec. 20, transplanted kidney removed under local anesthesia, leaving left adrenal in 
neck. Condition of animal continued to be good, blood pressure unaltered. Jan. 19, 
1938, right renal artery constricted bj- Goldblatt clamp, 1^ of 3^5 turns. Jan. 21, 
blood pressure 148; Jan. 24, blood pressure 172; Jan. 20, blood pressure ISo; 
Jan. 29, blood pressure 184; Jan. 30, blood pressure 200; Peb. 2, blood pressure 220; 
Feb. 3, blood pressure 230; Feb. 4, blood pressure 215 mm. Hg, dog vomited; Peh. 
5, blood pressure 225; Feb. 7, blood pressure 230, dog quite sick, vomiting, con- 
vulsions, definite uremia, killed. Eenal artery blocked at site of clamp by organized 
thrombus. Kidney appeared fairl}’ normal. The transplanted adrenal was essentially 
normal both on gross and microscopic examination. 



T-.- 1 tUinwinc the effects of renni fsctieniia on tiie blood pres.sure when one 

Fie. oi,e kidney have been removed and wlien the reinainlner adrenal lias 

Seerfransplantcd to tlm neck. 


YII Attempts to Abolish Renal Hypertension by Fever Therapy.— 
We have the definite impression tliat it is more difficult to produce hj-per- 
lension in dogs which are not in the best of physical condition than il 
. - entirely" normal ones. Animals with nasal discharge and other 

' ••denccs of’ distemper rarely re.spond with much elevation in blood 
,.a fnllowim^ constriction of the renal arteries. On a number of 
pressu ° eje^-ated blood pre.ssure of a dog 

Sh renal'iscliemia declines if the animal develops distemper. Further. 

r r o was replaced .subscquenlly by a rise in pressure in some in- 
the dechne • i-ecovered from the disleinpor. If a dog will, 

stances when • niangc or a virulent iiifeclion of any type, 

rrrx 
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epitlielium can be considered noncarcinomatons or at tlie most only pre- 
carcinomatous because it is ivitbin the confine of tbe so-called basement 
membrane.” He recognized tliis change as occurring in botb squamous 
and glandular epithelium and called it “carcinoma in situ.” 

Bouffannais (1929) reported the occurrence of a tjTieal seminoma 
in an old dog. He observed that the tumor was of multieentric origin 
(“la gcnesc pluricentrique”). Pe 5 'ron (1936) noted that seminomas in 
dogs often confined themselves to the tubules. Peyron, Blanchard, 
Drieux, and Salomon (1936) remarked on the similarity between semi- 
nomas in human beings and dogs. They divided seminomas into two 
typo.s — the seminal and the Sertoli cell type. Tlie Sertoli cell type dif- 
fered from the usual seminoma by forming good glandular structure. 
Deitermann (1937) studied twenty -seven eases of semuioma of the hu- 
man testis, and was unable to demonstrate teratomatous tissue in any of 
lliem. Ectopic testes in the human have been regarded as particularly 
prone to the development of tumors.’® This dictum would appear to be 
time for dogs also. Greulich and Burford (1936) reported three semi- 
nomas of the cryptorchid testes of dogs. 

MATERIAL 

This study is based on 25 eases of spontaneous seminoma. These tu- 
mors were an incidental finding at post-mortem examination of dogs ex- 
cept in 1 case in which the tumor had metastasized and was the con- 
tributory cause of death. The involved testes were fixed in formalin; 
paraffin sections wore cut on the entire testis and stained with hema- 
toxylin and eosin. 

Tl)e.se 25 .seminomas were found in 22 dogs, in 3 of the animals the 
tmnora being bilateral. Four seminomas were present in cryptorchid 
te.ste.s, in 1 dog a seminoma being present in each 1csti.s. On gro.ss ex- 
amination. testas containing seminomas were usually found to be en- 
larged, although a small proportion was fonnd on routine sectioning in 
testes that grossly appeared perfectly normal. In lliasc specimens in 
which the tumor wa.s infiltrating, it appeared as a grayish ma.ss of firm 
consistency. 

nisTOLomc riNiUNos 

Histologically, the seminomas were found to consist of cells that iiad 
large nuclei and prominent nucleoli, which stained deeply with basic 
stains. There \\as little cytoplasm around the nuclei. Mitotic figures 
were miincrcms. Tiic most striking feature was the uniformity of the 
cellular jneturo. the cells varying little in .size and .shape (Fig. 1 1. 

Ill IS <if the '2~i seminomas it was aiipavcnt that tlie tumor had arisen 
from many foci in the seminiferous tubules rather than from n single 
focus tFigs. 2. •}. and T). In this group, the tumor was either wholly 
or partiallj- in situ fFig. .31. In U of these t\mmrs the malignant eells 
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' I 'HERE has been considerable difference of opinion in tlie past as to 
* the origin of tlie testicular tumor which is variously called “sem- 
inoma,” “embryonal carcinoma,” “spermatoejdoma,” and “ronnd cell 
sarcoma.” Spontaneous seminomas in dogs are suitable for sncli a study 
as this, not only because their histologic appearance is identical witli 
that of such tumors in man, but because, in dogs, seminomas are often 
found in an early stage of development. Among tumors of the liuman 
testes, it is unusual to find a seminoma which is not diffuse. 


Langhans, in 1887, suggested tliat carcinoma of the testis arises from 
tubules in the region of the rete. He described the transition in certain 
earl}' cases from glandular formation to solid tumor. Chevassu, in 1906, 
studied 128 tumors of the human testis. He separated fifty-nine of 
these tumors from the teratoid gi’oup and called them “epithelioma 
seminal” or “seminome.” He considered the various elements in the 
testis from which they could arise and decided that the most lilcely 
structure of origin was the seminiferous tubule. He felt that tlie sper- 
matogenic elements in the tubule were the ones involved in tlie process 
rather than the supporting or Sertoli cells. Bell (1925) regarded Ihe 
seminoma as a specific tumor of spermatogenic origin. In certain speci- 
mens he was able to find histologic eliaracteristics in various tubules 
ad.iacent to the tumor wliieh he felt were evidences of hyperplasia. 
Prom these tubules he could trace the transition to a gross infiltrating 
seminoma. He divided seminomas into a subgroup of carcinosarcomas in 
which he believed that both sarcomatous and carcinomatous elements 
were blended. 


Ewing (1928) believed that seminomas were merely a carcinomatous 
development in teratomas. He felt that if one sectioned these tumors 
sufficiently teratomatous structures frequently could be demonstrated. 
Ewin" disagreed with the interpretation that Bell placed on the his- 
tologic picture .showing the transition from normal tubules to seminoma. 
Ewing regarded this appearance as either one of benign hyperplasia or 
actual invasion of the tubules with tumor frmn the main ma.s.s. 

•R . 1 ■ tl 932 ) studied the j»roblern of epithelial hyperjdasia as o|)- 

■Tt^e'irly carcinoma. He stated that “the day has i)assod wlnm 

h^ved for publtcntlon. Morel. ID. ID3D.^ 
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FIc. — Seminoma In llm cr>Ttorcli1«l of a do;:; the miiliiplo foci of oripln 

aro Fhovvn, Ti\o timber is entirely In Tim :itn>phle<l tubuU-.s ore ronlnijitod v,’!lh 

tltU-d with tumor coUs (hematoxylin and rosin, X^'O)- 
VIk. r*. — Senilnoma nf of u doc; a litKlmr maKninradon of Kic- 4. The 

tumor r«’Us are con!ln*’d to the tutmtes ihomfit<»xyHn ami *‘05?in. 

rip. C.-~Semlnnm:i nf testis of a *lop ; the normal luhnie.'? ar*' ctmlraste<! with 
tho*n conlalnJnp minor crll*^ which are .••IIU In s^liu tViemtUoxylin and cosin. 

Flp. T. — Seminoma of tc;;l(5 of a do;t; Iho tumor l«? rnUroly In j»Uii and llm tumor 
cell* havo an amcarann* Identlcnl with that found In dlffu'-r* seminoma (tmtnatoxyUn 
anti v{Mi\x\. vlCM. 


fib. n. fir. 
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q -noma of tostis of a ilOK. .“lio'vlnij iiiarlioa uniformity In the celluliir 

lire (iiematoxs"'' ™ tj,c clarkcr nrca« represent tumor, the multi- 
ple. 2--Semlnoma of Of a 

ric orlpin Demj, /^rmlorchld icstls of n dojr: » portion of llm tumor l.^ 

nr: 3 .— Seminoma in t»e or i (h^^matoxylln nnd eoMn. X12S). 

in situ, whcrca.s the remain 
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had not broken through the confines of the so-called basement membrane 
at any point and so were entirely in situ (Pigs. 4-7). In this group the 
seminomas were in a very early stage of development and had not begun 
to infiltrate. In the remaining 7 cases, the seminomas were in a much 
more advanced stage of development and were diffuse. In them the 
multicentric characteristics, as well as evidence of their origin in the 
seminiferous tubules, were no longer demonstrable. The cells in the 
tubules in these cases in which the tumor was in situ were unquestion- 
alfiy malignant; they contained numerous mitotic figures typical of those 
found in diffuse or metastatic seminoma. 

The transition from the normal seminiferous tubule to one filled with 
malignant cells could be followed iir the group of tumors which were 
still in situ. In the same microscopic field it was possible to find normal 
tubules adjacent to some which showed early malignant change and to 
others which were composed entirely of tumor. One early change was 
the suppression of the formation of spermatids and spermatozoa in tlic 
seminiferous tubules. The malignant cells could be traced from the 
spermatogenic series of cells, apparently the s])ermatocytes. Normal 
spermatogonia and Sertoli or sustentacular cells could be demonstrated 
in many of the tubules in which the seminoma was early and still in 
situ. The Sertoli or supiiorting cells could be recognized by their large 
pale nuclei and prominent nucleoli. The spermatogonia, germinal cells 
of the spermatocytic series, had smaller nuclei than either the Sertoli 
cells or spermatocytes, and the nuclei stained very deeply with basic 
dyes because of clumps of chromatin material (Pig. S). 

* Since seminomas originate in the cells of the seminiferous tubules, they 
are adenocarcinomas or, more specifically, spcrmatocytomas. All the 
tumors in this group were highly \uidifterentialcd and were graded 4 
according to method of grading tumors used by Binders (1925). Only 
one seminoma had metastasized. This would emphasize the fact that 
most of the tumors studied were extremely early. 

Seminomas were unassociated with other tumors in 17 instances. 
Five seminomas were associated only with interstitial cell tumors (Pig. 
91 • whereas, a .seminoma, an interstitial cell tumor, and a grade 1 adeno- 
carcinoma of the so-called Sertoli cell type, wein associated in the same 


5 tis 3 times. . , . , 

The avera'^e age of the dogs m which seminomas were found was 
frill lvmore° than 10 years. IMost of the testes m which the seminomas 
Sc nrcseiit showed active spermatogenesis There was, l.owcver, no 
; rrf cnermatids or .spermatozoa in tim cryptorcliid testes. Two 


s{*ini- 


crons tubules. 


i'll whicli the tiinior was in situ, it was jiossihlc to 
rlcVlhrmTligiant cells directly from the spermatocytic sc-ics of cells 
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Erratum 


111 the article by Dr. P. Gregory Connell entitled “Partial Gastrec- 
tomy in Treatment of Peptic Ulcer,” tvhich appeared on page 696 of 
the May issue. Fig. 1 was printed upiside down. It is reprinted here 
in its proper position. 



Eij;. 1. — Shift to h’fl In pnstric rcsrrtJon 
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series and is tlie usual finding in specimens of seminoma of the iiuman 
testis. When seminomas do become diffuse, witii fusion of tlie various 
points of origin, it is impossible to demonstrate tiieir origin because tlicy 
are of such a high grade of malignanc.v that there is no differentiation 
into tubules. 

It has been shown b}^ various observers that tlie ectopic testis is more 
susceptible to the development of tumor than the scrotal testis. Tliis 
would appear to be true for the dog. 

Seminomas were found in animals having an average age of about 
10 years. The majority of seminomas in liuman beings are found 
between the ages of 35 and 45 jmars (Chevassu). A comparison of the 
age incidence of this tumor in human beings and dogs sliows that in tlic 
dog it occurs in a relatively similar age span. It would appear that 
seminomas are of relativcl 3 - more frequent occurrence in dogs than in 
human beings. However, accurate statistics are not available. 

It has been suggested (Pe.vron, Blanchard, Drieux, and Salomon) that 
seminomas be divided into the seminal tj-pc and Sertoli cell type. To 
include the latter in the classification does not seem to be justified be- 
cause Chevassu, in his original description, included only the seminal 
type. Furthermore, the seminal typo usually is of grade 4 malignancy, 
whereas the Sertoli cell type is almo.st invariably of grade 1 malignancy. 
This Sertoli cell t.vpc has also been described in the literature as 
adenoma (Chevassu, Ewing). The four tumors which have been seen 
in this group arc more fully described elsewhere. 

SUMJIAKY 


Twenty-five seminomas of testes of dogs have been studied. Eighteen 
of these seminomas were in an early stage of development, being still 
in situ In this gi'oup it was demonstrated that the tumor arose from 
multiple foci in the seminiferous tubules. The malignant cells could be 
traced directly from the spcrmatogenic series of cells. All the .seminomas 
in this group were regarded as being adenocarcinomas of grade 4 malig- 

nanej'. 
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The recent observations of GoldscJimidt, Vars, and Eavdin on the con- 
ditioning eifect of liver fat on liver necrosis following the administra- 
tion of volatile anesthetics explain, in part at least, the value of a high 
carboliydrate diet in patients with serious hepatic disease. The work 
of Forbes and Neal on the protective action of xanthine against the 
liver necrosis which follows the administration of chloroform or carbon 
tetrachloride, while not clearly understood, provides another link in our 
knowledge of the methods by which protection can be alforded tlie liver. 

It is now generally accepted that the gall bladder is not a vestigial 
structure, that it docs have an important function which is destroyed 
when it is injured by infection or disease. The contributions of Graliam, 
Cole, Schbnheimer, I^w, Johnston, Eiegel, Andrews, and Eavdin have 
added greatly to our knowledge of normal and pathologic function of 
this viseus. The investigations of these, and many other workers, have 
offered more valid explanations of the pathologic physiology of the 
cxtraiiepatic bile passages and have provided a more reasonable e.xplana- 
fion for the persistence of symptoms in patients operated on for gall- 
stone disease. 

Lc.ss than twenty years ago one of the most brilliant of American 
surgeons stated that the arterial blood supply of the liver was not neces- 
sary for the maintenance of normal hepatic function: “Physiologists 
point out that the hepatic artery furnishes oxygen to the liver, and this 
would a])pear to be true, but the supply is not .suffieiout to lead us to 
liclicve that oxygen is ncce.ssary to its function.” It is now recognized 
tliat the hepatic arterial Idood is of the greatest importanee in maintain- 
ing normal function and that complete ligation of tlie entire hepatic 
arterial supply is incompatible with life. 

The more recent work on vitamin K and intcsliniil I)ile deprivation 
on tlie hcmoiTliagie tendency in obstructive jaundice offers new hope 
that before long this dreaded compliealion may i)c prevented by ade- 
quate ]>re- and postoperative therapy. The alteration in the pro- 
tlironil)in level in obstructive jaundiee which lias been de.scrihed by 
Quick and Ids a.s.sociales, and which lia.s now )>cen amply confirmed. 
provides additional evidence of the important j)art wliieli fundamental 
invest imit ions are playing in the better undei-slanding of the problems 
of the surgical patient. 

—}. S. Rardhi. M.l). 

I'/i. 
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Recent Advances in Our Knowledge of Biliary Fnnction 


T he contributions of fundamental science to our knowledge 
of the physiologj' and pathologic phj’siolog.y of the biliary apparatus 
have liad a profound influence on the preoperativc preparation and 
postoperative care of patients with biliary tract disease. The work of 
Rous and his associates gave new impetus to a study of this system and 
resulted in a better understanding of tlie processes involved in disease 
of the liver and bile passages. 

The brilliant researches of Slann and his associates provided new 
knowledge on the functions of the liver. The important part which 
this organ plays in earboliydrate, protein, and fat metabolism is being 
more clearly elucidated. The intermediary metabolism of tliese food- 
stuffs, in which the liver plays no insignificant role, is now being elabo- 
rated. Only recently the liver has assumed a more important role in 
the mechanism of production of diabetes mellitus, whether or not one 
accepts the view that “overproduction” of glucose and fat is tlie pri- 
mary factor in this disease. The investigations of Best and his co- 
workers have added greatly to our knowledge of tlie liver lipid metab- 


olism. 

It is unfortunate, but true, that during this period of intense investi- 
gation into the problems of hepatic physiology an attempt lias been 
made to apply the results of these researches to clinical evaluations of 
liepatic function. In an organ whose known functions reciuirc but a 
small portion of normal liver tissue for tl.cir normal activity, tlie mnjor- 
itv of these tests were doomed to failure from tlie beginning. The carbo- 
hWrate metabolism of the liver can be adequately carried on with only 
90 nor cent of normal tissue, and deaminization with even less than 
this The dve tests are without doubt of some value and the more 
recent work of Quick on hippuric acid con.iugat.on has real possibilities 
leceni t ^rfccnt the onlv methods of real value m clinical 

These tests are at picsent anoxemia, ancstl.ch. 


These test® ^ ‘ j;o^^.evor, .such TOiiditions as anoxemia, anesthesia, 

practice. . infection Avhich are daily met in surgical 

licnorrliag'. r»« ^ liver, ,•.» .Iolera,i.,e,I by II, e 
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The recent observations of Goldscliniidt, Vars, and Ravdin on the con- 
ditioning effect of liver fat on liver necrosis following the adniinistra- 
fion of volatile anesthetics explain, in part at least, the value of a high 
(■arbohydratc diet in patients with serious hepatic disease. The work 
of Forbes and Neal on the protective action of xanthine against the 
liver necrosis which follows the administration of chloroform or carbon 
fefracliloride, while not clearl.y understood, provides another link in our 
knowledge of tlie methods hy which protection can be afforded the liver. 

If is now generally accepted that the gall bladder is not a vestigial 
.structure, that it does have an important fnnetion which is de.stroyed 
when it is injured hy iufeetion or disease. The contributions of Graham, 
Colo, Schonheimer, I’lw, Johnston, Riegel, Andrew.s, and Ravdin have 
added greatly to our knowledge of normal and pathologic function of 
this vi.scus. The investigations of these, and many other workers, have 
offered more valid explanations of the pathologic physiology of the 
pxtraliepatie bile pas.sagcs and have provided a more reasonable c.xplana- 
fion for the pcr.sistcncc of symptoms in patients operated on for gall- 
stone di.sea.se. 

Less than twenty years ago one of the most brilliant of American 
surgeons .slated fhat the arterial blood supply of the liver was not neces- 
sary for the maintenance of normal hepatic function: “Physiologists 
point out that the hepatic artery furnishes o.xygen to the liver, and this 
would ai)[)oar to he true, hut the .supply is not sufficient to lead us to 
believe that oxygen is necessary to its function. ’’ It is now recognized 
that the liopalic arterial l)lood is of the grcale.st importance in maintain- 
ing normal function and that eomjdete ligation of the entire hepatic 
aiterial .siipjjly is ineoinpntihle with life. 

The more recent work on vitamin K and intestinal bile deprivation 
<in the lieiuorriiagio teiuleuey in ohstnielive jaundice offei’s now hope 
timi before long this dreaded eompliealion may l)e ])revented hy adc- 
giiate [)fe- and Jjost operative tlier<i{»y. The alteration in tiic pro- 
thrombin level in obstructive jaumliee which has I)eeu de.serihcd hy 
Quick and his a.s.soeiates, ainl wliieh lias now lieen amply eonfirmed, 
Jirovides additional evitieiiee of tin* iin])ortant part which fuiidnmcntnl 
investigations are jilaying in the lieller nnderslamling of llie prohleins 
of the surgical patient. 

— /. .V. Ii'iii-flin. M.D. 

I’a. 
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Continuous Drip Transfusion 


D ECAUSE the average blood transfusion of 500 c.e. will only raise 
^ the hemoglobin from 8 per cent to 10 per cent and is therefore 
inadequate to cope with the severe anemias, Slarriott and Kekwick’ 
have recently advocated the use of massive transfiisions sloAvly ad- 
ministered. The method consists essentially of obtaining blood from 
a number of donors compatible with the recipient and with each other, 
adding 3.8 per cent citrate solution as an anticoagulant, and permit- 
ting its introduction into the vein of the recipient at the rate of ap- 
proximatety 40 drops per minute or 133 e.,c. per hour. Because of the 
tendency of the eoi'puseles toward sedimentation in the reseiwoir and the 
consequent blocking of the drip bulb, a stirring action accomplished 
by bubbling a continuous stream of filtered oxygen through the blood 
is necessary. The amount of blood transfused is determined by pe- 
riodic hemoglobin examinations and the transfusion is discontinued 
when the normal hemoglobin percentage has been restored. 

The advocates of this method contend that it is partienlnrly indi- 
cated in that group of cases characterized by severe acute anemia 
with consequent depression of hematopoietic function in which the 
ordinary single transfusion of 500 c.e. is of relatively little value. In 
such cases in wliich the hemoglobin percentage mfiy bo reduced to 25 


or 30, it is necessaiy to administer as much as 4 to 5 liters of blood. 
Obviously, such ma.ssive dosages cannot be given in a single trans- 
fusion by the customary proeedure.s. Accordingly, the continuous 
drip method proA’ides sufifieient amounts in such a manner ns to ob- 
A'iate possible embarrassment to the cardioA'nscnlnr system and the 
deAmlopment of “speed sJiock.” This latter nntoAi-ard reaction has 
been popularized by Hyman and Ilii-shfeld,- avIio concluded fi-om 
tbeir immstigations that rapid introduction into the blood strea7n of 
a "i-eat bulk of fluid results in a state of shock. 


■Whereas it is fully agreed that the customary single transfusion of 
one pint of blood is merely homeopathic in combating such sovc7'c 
anemias, our discordance with the advocates of this method of trans- 
ksion is based on certain fundamental physiologic principles. It i.s 
iJiopportunc here to enter into a lengthy discussion of Urn pros and 
oons of the citrate method of tran.^fusion, but our opinion is siieeinetly 
and aptlv expressed in the words of Ledercr who states: “The gen- 
eral nrumiple that the more closely the blood introduced info the 
recipient approximates the blood in its natural condition is a fnnda- 
meidal one Ko matter how simple and how easy a method is, if that 
ml hod pennits of cliaiigcs in the blood due to the a.lnnxturc of for- 
method pel » reaction or temiicratnrc, to biological 

eign Jorpholo-v (coagulnliou), aiul to fornient action, it is 
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tage of the continuous drip method, the same therapeutic effects can 
be accomplished more physiologicall}' and more simpty by frequently 
repeated transfusions of unmodified blood. We have often transfused 
as much as 5 to 7 litei-s of unmodified blood in three or four days. 
Moreover, there has never been any untoward reactions in these cases. 
As regards the phenomenon of “speed shock," our experience has 
been similar to that of Milbert^ and Unger.“ In well over 5,000 trans- 
fusions this reaction has never been observed, and not infrequently as 
much as 650 e.e. is transfused m three minutes. 

Thus, because in our experience the same purpose and advantages 
claimed for continuous drip transfusion can be obtained by frequently 
repeated transfusions of unmodified blood and because this latter 
method is more rational, more physiologically ideal, considerably sim- 
pler, and certainly as safe or safer, we find the indications for the 
continuous drip procedure eonspicuou.sly restricted. 
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mammary development. In the eases of granulosa cell tumor an in- 
creased secretion of estrin is also responsible for the abnormal growth 
of the breast. That hypersecretion of esstrin may be the causative fac- 
tor i.s .suggested by the production in girls of infantile hypertrophy 
after tlic injection of this hormone when it is used in the treatment of 
gonorrheal vaginitis (Fig. 1). 

In girls at puberty breast development may greatly exceed the nor- 
mal in one or both breasts. Asymmetrical enlargement of the breasts 
between the ages of 10 and 13 years usually corrects itself b}* the end 
of puberty. In cases wliere the enlargement continues to abnormal 
.size, the exaggerated breast development is the result of excessive 



Hp. l.—Infiintile hypertrophy of the breast. In a plrl nsed 2 vears. The patient 
hnil been rnenstruatinp since tlic npe of montlis nnti liad both 'pubic and axillan’ 
nair and a itosltivc Ascliheim-Zondck test in the urine. The condition was apparonth 
protiueed by ovoructlvlty of the anterior lobe of the pituitary*. 

amouiU.s of duct and iieriductul tissue similar in other respects to that 
found in normal pnherty. Tlierc arc thirty-three sucli cases recorded 
m this laboratory. In liie.'^e cases there is apparently an increase in 
the blood level of estrin and an ineveased snseeptihility of the brea.'t 
to this ovarian .‘secretion. Virginal hy]R'rtroj)hy once established tends 
to ])or.sisl (Fig. 2). To date we have had no eneonraging results from 
endnevitm tlu'vai>y, and surgery is indicated where the enlargement is 
exee.ssive. In about on<‘-tenlh of the eases a loealize<l fibroadenoma will 
be found in one of the enlarged brca.sts. This oeenrrcd in a patient 
reported by dohnson and IMoodgood in IDOG. Enlargement of the 
breasts api»ri>a.-iiini; virginal hypertrophy and known as gravid hyper- 
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tropJiy may be seen in -women ivlio liave borne their first eliilcl, per- 
sisting after lactation but having its onset during i^regnancy. 

Gynecomastia . — Gjuiecomastia in the male is the homologue of vir- 
ginal hypertrophy in the female (Fig. 3). Slight and transient enlarge- 
ment of the breast at puberty is a normal occurrence in a definite per- 
centage of males. Jung and Shafton found temporary enlargement in 36 
per cent of boys between 12 and 13 years and in 77 per cent between 13 
and 14 years. One or both breasts may be diffusely enlarged and the 
condition persistent, either at puberty or with the decline of sexual life. 
The benign enlargement, as in infantile or virginal hypertrophy in the 
female, is the result of increase in the length of ducts and in periductal 
connective tissue. Clinical observations indicate a definite relationship 



between the sex organs and g.TOCcomaslin (Lewis and Geschickter). 
Enlargement of the male breast is ob.scrvcd in hermaphrodites. This 
condition occurs in 5 per cent of the cases of clioriocpithclioma or 
teratomas of the testicle (Ferguson). In boys or young adults excision 
nr atrophv of one testicle with hypertrophy of the intci-stitial cells of 
the* opposite testicle may lead to mammary enlargement. Mochling 
ns reported cases of hypoiihy.seal tumons in men with enlargement of 
l o hre-ist The chorionic li.ssue pre.sent in testicular tumoi-s has been 
found to secrete both prolan, the pituitarj-like sex hormone, and cslrin, 
founa to Tnioctioiis of cstriii alone will produce this 

I— 

S'Sert «»».. of ll'o "" "" 
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tion of estrogens are the etiologic factors. Mammary enlargement of 
the male is usuall}' self-limited and benign. A period of observation 
should elapse to determine whether the condition will regress spontane- 
ously. Once established, it does not respond to endocrine therapy. Ex- 
cision is indicated for cosmetic reasons. 

SUBIXVOLUTIOX AKD HYPERPEASU OF THE MAJIMARY GEAXD 

The term chronic cystic mastitis is loosely applied to a group of be- 
nign conditions of the breast. Painful breasts and nodular hyperplasia 
(so-called adenosis or Schimmelbuseh’s disease) are included under this 
term. A separate group of eases occui’ring toward the menopause, 


I 


i . 



lifT. 3. — PJiotof:nipli of patient and crops .section of tiic brcn.sl. In a c/ipc of #o'n**- 
comastla occurrluK In a boy jiKcd IS yc.'ir.s. 

eiiaraeterizod liy oy.sl.s of appreciable size and related to abnormal in- 
volution of the mammary gland, is also included. With the approach 
of the incnojiiiuso or following abnormally hi^Jih and prolonged estro- 
genic sfhntiiation, involutionai ciKUigo.s occur in the mammary ducts, 
llic epithelial ramifications of tlie terminal tubulc.s. which form liie 
nuiimnary lobules .so eliaraclcrislie of l!ie Jionnal breast in the cliild- 
heariug i>eriod, atrophy and disajipear. The ends of tlic remaining 
hriiiiclies of the duets dilate and tlieir lining cells secrete. In tin's pliast; 
of involution simjfie cysts may occur. 

C;istic. Disraxi i'y^Uv dise.w is eliaraeterized by the development 
'vithin the bre.ast of one or imtro ey.>.'ls of aiiprcciablc size. Iseveral 
cy.sts may develop over a period of several years in the s;une patient. 
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but usually wlien the patient is first examined there is hut one cyst. 
Cystic disease occurs more frequently in women who have not borne 
children. In the present scries of 580 cases, the ej-sts, in SO per cent 
of the eases, occurred in the forties, or near the menopause. Tlie women 
aifeeted had regular menstrual cycles and were apparently liealthy in 
other respects. Premenstrual pain or indurated areas in the breast are 
unusual. Cysts make their appearance abruptly. The known duration 



„ tho breast, cross specimen. nnU pIiotomtcroBmpli of eplUiellal 

Fiff. 4.-Cross .section of the cy.stic dlse.asc. 


of the tumor is often given in days or weeks rather than in months or 
The breasts affected arc well developed and contain increased 
years. fibrous ti.ssue. The cyst is round, smooth, and freely 

11 It traTisilluminatc.s dearly and aspiration cloudy milk- 

Xfim-a is a'is- ■<■> "'I'™ «” 

1 . au-Mnnenred a residual area ot hlirosis mnv remain. 


Siiccc-ssive cy.sts inv 


,-olved both breasts in 17 per cent of tiie eases. Rarely, 
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as described by Keclus, multiple cysts of appreciable size may be present 
at the same lime in botli breasts. A form of cyst resembling a galac- 
toeelc may form in a pre-existing fibroadenoma dux’ing lactation. 

The diagnosis of a ej’st may be confirmed by aspiration of the cloudy 
milk-like contents, and this often suffices for treatment. Following 
aspiration, injections of estriu (10,000 international units) twice weekly 
for tAvo months will control the condition in some eases (Lewis and 
fiesehickter). The injections should be halved in number the following 
month and further decreased in the next month. If there is any doubt, 
concerning the diagnosis, excision should be performed. Cysts with 
bloody contents or with papilloma in their walls may contain cancer. 

Mammary Hyperplasia — Painful Breasis . — A frequent precursor of 
the lesion that may develop into the hyper))lastic form of cystic mas- 
titis or adenosis is the painful breast. This condition is characterized 
by cyclic pain, Avhich readies its maximum intensity before the men- 
strual period. Three hundred and seventy -five eases have been studied. 
In tlie early stages tlie painful and tender tissue is usually in the upper 
and outer quadrants and feels like a flat, granular area of increased 
density. ^Menstruation is usually regular; the patient is in. her thirties 
and either is childlc.ss or has not been pregnant for five or more years. 
In married women with this complaint there is a high percentage of 
sterility, JIammary pain and tenderness, which are premenstrual in the 
early stages, become more severe and are prolonged throughout the 
entire cycle. Fear of cancer is often aroused. An area of increased 
density may be palpated in the breast. These patients are usually not 
undernourished and are not of the nervous type. The granular or 
nodular areas of increased density, which at first vary at ditVerent 
periods of the menstrual cycle, ma.v jiersist. S]iontancous regression 
may occur, but often adenosis and less frciiucntly cystic disease super- 
vene after a period of months or j’cars. 

This early stage of chronic cy.stic mastitis churaiderized by persistent 
painful breasts may be successfully treated by endocrine iheraiiy (usu- 
ally estrogen administered intramuscularly twice a week in doses of 
10,000 international units over a ])eriod of several months us described 
ai)ovc for cystic disease). The indurated tender mammary tissue pal- 
pated in the outer upi'cr (luadranf usindly of both breasts in these cases 
is readily distingni.shcd from the wcll-dcfmcd hard nodule of carcinoma. 

Adenosis, Scliimmeihusch's Diseast . or (lx Prolifcralinti Form of 
Chronic Cystic Mastids. — In married avoiucu who have not borne chil- 
dren for five or more years or in childless or unmarried women, ]min- 
ful, shotty masses may develoj) in the outer. u)>per quadr.-ints of one 
or both bre.'ists after the avre of tlo years. M.'iny of tliese women liavo 
suffered with painful breasts <lnrin!i the iircmenstruuin for a number 
"f years. .Xs the condition progre.s-:es. the stroma of tiie breast is in- 
creased in density aiid the size of the breast is re<luce.l, 'I’he breast 
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has a saucer-like or liver-like edge. Pain, flat areas of increased density 
and numerous indefinite nodules are present, hut in addition discrete 
multiple tumors may be palpated, whicli histologically may prove to be 
small papillomas, minute cysts, or nonencapsulated adenomatous areas. 
(Fig. 5.) The 175 patients witli typical adenosis in the present study 
were in the late thirties or early forties with few exceptions. Men- 
struation is apt to be painful or irregular or the cycle sliortened to 




r yrvorlmen croP!* section. ;in<} phnton\\crof:r:ii))t!^ Jn ntlenoflj.s or Sclinn- 

The hv,...T|iI.i.‘<tlc contain.'; .-mall c.v.-;t.s. nilinitc Intiacy.-tlc 

ISaemomL::. '"no cpitl.-ilal ..roim-ratlon. 

twentv-six davs or less. Pregnancy or tfie monoi>anse may cause these 
changes to disappear. In rare in.stancc.s a t.enign i.ni)iIIoma or !i 
comedo carcinoma develops. Usually, liou-evor, the condition is sclf- 
V •( d and terminates with the formation of multiple small cysts. 

-n nf the breast to normal before the menopause is 
Spontaneous ,,,,'s. The patients are 

usSurStvu''?. '"‘'’‘•‘•"■‘‘i.uht. The thyroitl gland is 

-I '^nderately enlarged. 
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Since tile condition is iiilatei'al and diffuse, local excision is inade- 
quate therapy. Sucli excision, liowever, for purposes of biopsy may 
be performed ivliere a single nodule, more definite and larger than the 
otlicrs, develops. In our opinion mastectomy is not indicated. These 
eases sliow marked imiirovement on esti’ogenie therapy beginning ivith 
doses of 10,000 international units twice weekly for two months and 
gradually decreasing by half the number of doses in the succeeding 
montlis. Fibrosis or the foi'mation of small cy.sts may result from .sueh 
lieatment. IMany authors believe that this condition is precancerous. 
In the present series of 533 cases we were able to follow 271 patients for 
over five years. In only 3 of these carcinoma of the breast developed, an 
incidence of less than 2 per cent. 

Experimental evidence indicates that cystic disease and mammary 
hyperplasia or adenosis are the result of disturbances in the hormonal 
physiology of the breast. Large c.vsts of the mammary gland can be 
Itroduced in the rat breast by brief, intense stimulation with estrin. 
In such experiments abnormal epithelial buds replace normal lobule 
development in the terminal tubules, following in,ieetions of large doses 
of estrin. With furtlicr dosage these epithelial masses in the terminal 
tubules undergo maturation and secretory activity leading to c.vst foi’- 
ination. If, instead of estrin, hormones are in.ieeted which normally 
produce lobule development in the rat breast (testo.st crone), atypical 
epithelial lu'oliferation with small c.v.sts occurs in the terminal tubules, 
producing a histologic picture similar to that seen in adenosis. 

IIKXIOX TEJtORS 

Itcau/ji I'dpiUdma . — Hyperplastic epithelium in adenosis is accom- 
panied by llie formation of muUii)lc small intracy.stic ma.sscs of ba.sal 
cells which occasionally take the form of minute ]>apillomas. These 
rarely exceed tiie size of a fraction of a millimeter. They tend to 
regress sponfaneously witii the menoi)ause. Tlie clinical condition 
spoken of as intrac.v.slie pajiilloma refers to a tumor of macroscopic 
size, usually 2 or more cm. in diameter which occurs usually in the 
region of the nitijde or niidzone of the breast in women near the meno- 
pause. (Fig. (j.) A])i>roximalely 50 ])er cent of tiiese le.sions are ac- 
eoniiianied by a hlootiy tlischarge from tin- nipple. The tumor is 
tisually jialpated near the nijiple zone, is soft, or smooth and tense, 
and is freely movable. It may occur in the amimllao of tlie nijiple 
'Iself. fi'lu. tumor casts a dark shadow uiion transilluminalion. 

In !(!(( heniun iutracystie ])a]>inomas in the present study, the nia.jor- 
•ty liad been noted by tile i>aticnt f<»r two years or more jtrior to exam- 
niatioii. I'ln. average <liamctcr of these urowtiis was 3.1 cm. Tin- majority 
of the cases were 1 to 2 cm. hut among eases ohserve<l in earlier veals 35 
wt-re (i cm. or over. Ninel\ -live tier cent of the iinnois were hi ne.-ith tlie 
niiqil" or in the midzone. Allliough tlie jicak of ave incidence was 
between -Itt ami -to vears, tlie yotingest of the ]iatient.s affected was 15 
olid the ehlest 71, I'niiior and serous •>)' ''aneniiieuns diseharee from the 
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nipple were tlie leading s.ymptonis. Variation in size of tlie tumor fol- 
lowing rupture of the cyst and bleeding from the nipple was noted in 
6 eases.- The tumor on palpation -^vas soft, cystie, or firmly nodular, 
Recording to the notes in the history. The nipple -was either normal, 
slightlj’ retracted, or protruded on examination. Fixation did not 
occur except in the 2 instances -ivhere infection had complicated the 



T.- r- r>lintn:rrnnh of the pnllent. the pro.>!.s specimen, nnil photomlcronriipli of 
W Intrjcvstic niplIIom:i. The tumor l.s nc:ir the nipple anti in the )tro.->3 nnd 

umllr^hfScVm3coi«h3^ 

On pathologic e-xfunination a cyst containing liloody lluid and a soft 
illomatous" ma.s.s iire found. In 3S per cent of the ca.ses multiple 
anillan- growths were found pathologically and in lo per cent of the 
^ Gs a kailmiincou.s di.seharge or .similar tumor was noted clinic.-illy in 
oTe opposite breast, either at first or suksequent examination. 

Af roscopically the tumor consi.sted of br.atichcd .stalks of fibrous 
.fiaid bv orderly rows of columnar or oval epithelium. De- 
tissue, o\e . ji.^Iliologic study indicates that a certain percentage 

spite the undergo malignant change, simple excision usually 

0^ tllCSG 

suffices to cure. 





RECENT ADVANCES IN SURGERY 


925 


Forty patients in the present series were treated by the radical 
operation for cancer. Thirty-eight patients had a simple mastectomy 
performed, 4 of these having both breasts removed. One had, in addi- 
tion, excision of a similar tumor from the opposite breast. In all, S2 
breasts were ami)utated for benign intraeystic papilloma, 40 of these 
receiving, in addition, axillary dissection. Up until 1925 only 22 eases 
were treated by simple excision. This number has been increased to 
65 at the time of the present writing. Of these, 6 liad two or three 
e.xcisions. 

In this series the radical or simple amputation of tlie breast was 
performed for two reasons: First, because the gro.ss or microscopic 
api)earance of the tumor .suggested malignancy. In tlie majority of 
eases when tlie radical operation for cancer was i)erformed in the 
older cases, it was based upon the finding of bloody contents in a 
cystic tumor at exploration, a finding which was formerly lield to in- 
dicate the presence of cancer. Second, it was performed because of the 
opinion formerly held in this clinic and still maintained by mairy sur- 
geons and pathologists that a .sufficient number of these tumor's undergo 
malignant change to justify radical ti'oatment in all cases. This rule 
is also ai)plied by some in patients having a sanguineous discharge from 
the nipple without a demonstrable tumor. Twelve of the patients in 
this series were treated with wide excision of the nipple and breast 
ti.ssuo or by amputation of the breast because of a bloody discharge 
from the nipple, although no tumor could be demonstrated on exam- 
ination prior to operation, 

A sufficient number of casc,s treated by simple excision have now 
been followed to justify the conclusion tiiat benign intracy.stic papilloma 
can he treated safely by simple excision. The excised tumor should 
be subjected to microscopic examination and, if the epithelial contents 
of the cyst show no evidence of malignancy, no further treatment is 
mdicated. Invasion of the neighboring ducts outside of the cajxsule 
of the tumor by epithelium similar to that found in the tumor but 
without definite papillary formation is the earliest sign of malignant 
ciiangc in our experience. The radical ojicration should be jierformcd 
in .such cases. 

Filn-riadriumns ;. — Fibroadenomas are benign, well-oncajisulated tu- 
mors, found most commonly following ]>uborty. In 600 cases studied, 
the peak of age incidence was between 20 and 25 years. The tumors 
grow .slowly, the duration averaging from 3 to 4 years. 

In fibroadenomas tliero is an increase in duct ei)ithelium, periductal 
and perilobular connective tissue. In many instances no acinar forma- 
tion is noted, as in virginal liypertroidiv ami gynceoma.stia. 

Solitary fibroadenomas are most frc«iuently noted in the ujiper and 
outer (pia<]r;int of tlu' hre.'tsi at the jierijdnu'y. On paljialion lliey 
have a lobnlaled. eliistie feeling and are freely movable. In <me-1hinl 
of the ea.M's tiie nodule is painful or tender. Karely do<’s the nodule 
ini'nsi'-i' in sir.*' during menstruation. Inerease in sire, liowcuer. is the 
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rule during pregnancy. Tlie breast containing the fibroadenoma or 
fibroadenomas is usually Avell developed (Pig. 7). Local excision Buf- 
fiees to cure in these cases, but in about 10 per cent of the eases in 
which local removal has been performed similar growths have developed 
subsequently. 

Women near the menopause who arc treated for this type of tumor 
usually give a long history when carefully questioned, and at this time 
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.standing, dilated ducl.s and small cysts occur. These are sometimes 
referred to a.s cystic adenomas. In general, rapid growth of fibro- 
adenomas is incompatible with regular menstruation. Growth of the 
tumor is therefore most fretinently encountered at puberty, in preg- 
nancy, or with the menopause. With repeated menstruation or lacta- 
tion, the tumor tends to undergo cystic and regressive changes. 

Fibrosarcoma . — Eajjidly growing intraeanalicular myxomas in women 
beyond the childbearing i)eriod are often considered malignant be- 



S. — Dioloiirajih of Dtt* p.'ilW*nl ami low nml hlpli powrr pliotornicro^raplis In 
^ of nbroHnrronia. Manv of lh»**«*' an* rapl>ny ^:nnvlnt: llbro:iib>}ioinri,« bnl 

n (i‘\v 


<*uus^; of tlipir si/,p, ir.ininpss. nntl innlularity. Thp jnnjority (if the 
iosioi\K retain Ihcir benign eliaraetei-. I'ibrosari'oma, however, usually 
of low malignaney. witii inva.sion of the ])eetoral innsele lint not the 
axillary nodes, may su])ervene ( l-hg. S). Most of Ihe.^e <‘an be related 
*0 preexisting tiiiroadenomas on the basis of the clinical and niiero- 
seojiie findings. There were -IP such I’asi-.s in tin' jircscnt si-rics. I’sually 
tlie malignant tumor develops at the site of a fibroadenoma of many 
years' duration, the period of rapid growth extending over :i to a ye;ir.s. 
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]\[icroscopi(!ally all gradations can be found from markedly cellular 
stroma witJiout sarcomatous features, to rapidl}^ growing sarcoma of the 
S])indle-ccll t.vpe. Because of the tendency for these sarcomas to invade 
the underljdng musculature rather than to metastasize by the lympliaties. 
an amputation of the breast with the pectoral muscles, but without an 
axillaiy dissection, should be jjerformed, cases treated by simple 
excision recurrence may result. Nine of the eases of fibrosarcoma in 
the group of 49 cases studied died of metastases. 


CANCER OP THE BREAST 


Srammary carcinoma ranks third in cancer mortality tables, being ex- 
ceeded only by cancer of the stomach and uterus. The present-day 
curability of all forms of mammary cancer by I’adieal surgery is variably 
stated, the figures usually ranging between 30 and 40 per cent. At- 
tempts have been made to increase the number of cures in three ways: 
by education of the public and profession to secure earlier diagnosis 
and treatment; b}* combining irradiation and surgery; and by preven- 
tive measures directed against certain allerged precancerous lesions of 
the breast. 

An analysis of 2,300 cases of cancer of the breast treated over a period 
of fifty years (1889 to 1938) at the Surgical Clinic of the Johns Hop- 
kins Hospital shows that the curability of breast cancer varies with the 
pathologic type as well as with the stage of the disease. It indicates a 
5 per cent increase in the curability of all forms of mammary cancer in 
the last two decades as a result of the educational campaign. 

Infiltrating Adenocarcinoma or Scirrhous Mammary Cancer. — Ap- 
proximately three-fourths of all mammary carcinomas arise from the 
o-landular epithelium of the terminal tubules. Tliis common variety of 
adenocarcinoma, variously termed gland cell or scirrhous cancer, is seen 


clinically in four different forms. 

It occurs usually as a tumor, 1 to 5 cm. in diameter with atrophy of 
the overlying fat and with or without retraction of the skin or nipple. 
It may occur as a large mass occupying one or more quadrants of the 
breast In other cases one or more recixrrent nodules are found in the 
sear of a preceding operation. In a smaU group of patients a relatively 
small tumor with extensive skin involvement, so-called acute or inflamma- 


tory cancer, is found. (Fig. 9.) 

The usual ioim of scirrlious cancer is a small hard mass, 1 to 3 cm. 
in diameter occurring at or near the menopause m a tvoman ,I,o has 


^ /cipiRRHoosI Carcinoma of the Breast 

Clinicai- Types of Infiutratino (Scirrho s) 


irsiSHn infiltrating cancer 

2, Large infiltrating cancer 

3, Recurrent cancer 

4, Acute or inflawmatori- cancer 


chaeactep. of tumor 

1 to 5 cm. in size 
6 to 14 cm. in size 
One or several nodules 
Extensive skin involvement 


FIVE-YEAR 

SURVIVALS 

29% 

5% 

7% 

0 % 
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borne one or more children. The majoritj’ of the cases occur between 
the ages of 40 and 55 years. The patients have noticed the presence of 
a lump or nodule six months or less pi-ior to the time of examination. 

The clinical history and findings in the ordinary foi-m of small in- 
filtrating mammary carcinoma under discussion are remarkably uni- 
form. The four major findings on the examination of the breasts are: 
first, the presence of a single lump in a breast otherwise normal to palpa- 
tion; second, the hardness and irregularity of the tumor to palpation; 
third, the apparent nearness of the tumor to the examining finger be- 



n.— rimiofjmplis of priU('nt.>; with smiill. InrKC. recurrent, ami acuto form.") of 
InnUr.itlin: adenocarclnom.-i t.«clrrli<nis cancer). 

raiLso nf atrojihy of the overlying f:it; and fourtli, retraction of the .skin 
or nipple indicated in their earlie-sl phases liy dinpiling of the .skin or 
a difference in the position of the nipple on the affected side' when the 
patient in tlie erect jiosition slowly elevates her arms, itischarge from 
the nipjile is not a eoinmon symptom in this groiij) and was noted only 
2t) times in the series of 1,050 ease.s. 

Pathologic findings are as unifonn as those observed elinieally. The 
tumor on section is usually a dense whitish yellow stellate m;iss which is 
vt'itly and its surface refracts or “clips" when cut through with :i knife. 
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Small .secondary masses may be found in ll)e neighborhood of the main 
growth or tiie tumor may 1)c elongated and may extend toward the 
nipple or toward the ])erij)hory of one of tlic quadrants of tlie breast. 
The surrounding breast is usually fatty with traversing bands of fibrous 
tissue and poor in parenchymatous tissue. The tumor most frequently 
is found in the outer and ujijjcr quadrants or in the upper inner quad- 
rants of the breast, but it may occur in any of the various quadiunts 
or ill the central zone. 

On microscopic examination the tumor cells arc of moderate size with 
moderate amounts of cytoplasm with vesicular nuclei which contain 
distinct nucleoli and occasional mitotic figures. The cells grow char- 
acteristically in small nests or i.slands or narrow elongated cords with 
large amounts of intervening fibrous tissue and small amounts of 
lymphoid infiltration. In the more slowly growing tumors the cancer 
cells are dispersed by large amounts of fibrous tissue or form acinar or 
tubular structures. (Pig. 10.) 

Although the more unfavorable cases of scirrhous carcinoma, includ- 
ing those exceeding 5 cm. in diameter, I’ceurrences following incomplete 
removal, and acute carcinoma, have been excluded from the gi-oup of 
small infiltrating scirrhous cancer, the results following radical surgery 
show that only 30 per cent of the patients survived the five-year period. 
These results arc in keeping witli those of Hutchinson who collected 
figures from fifty clinics and found the surgical results showed 2S.1 per 
cent of five-year survivals. 

While this group of small infiltrating cancers represents only one-half 
of the entire series of mammary cancers, the percentage of five-year cures 
is fairly representative of the entire group. Tl)is is true because the 
remaining half is about equally divided between large advanced or hope- 
less cancers in which the percentage of cures is ( per cent and low grade 
cancers including carcinoma secondary to benign papilloma, to chronic 
cystic mastitis and gelatinous carcinoma in wliich the cures average 61 


per cent. t mn • 

Large IiifilMmO Scirrhous Cnrcwoma.—ln 420 cases in the present 

scries the tamer measured 5.5 cm. or more in diameter These cases 
were similar in other respects and belonged mteroseopieally to the same 
oronp as small illfiltrating sciiThoiis carcinoma. This group of cancers 
Ts chLacterised h.v a diameter greater than 5 cm. b.v the.r hard nodular 
. racter on palpation, and h.v their adherence to the overlying skin, 
or withota uleeration. They liata been 
0 , .heir e.ytre.nely 

TTiPtnstasis to the axillary glands naa occuiicti f , 

metastasis I u a gtiidv of this group demon- 

:Se?r nS":;:^eS.tdi pamation hy its hard and 
« "u 1 oTontpi'l which has reached a size of more than .1 cm. m its 
alest diameter is incurable by radical surgery. Irradiation or some 
Sher form of palliative therapy (simple mastectomy) is indicated. 
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Excei)t for their longer duration and a younger average age, the 
symptoms of large infiltrating .scirrhous carcinoma resemble tliose found 
in .smaller tumors of the same type. A higher percentage noted pain or 
tenderness prior to examination and had not .sought treatment previously 
because the lump had not caused pain or discomfort. One-fourth of 



l is:. 111. — (Jio<ss iinil low iin.l IiIkIi jtower lihoIomlcroKmiihs i>f InnitrnUii),' 

{ M’lrrhnu** I 

the cases luul noti-d that the nvcrlyim: skin had hccDinc "anory" <ir 
ulcerated and mentioned this as a reason for seeking treatment. (Fi<r. 
11 .) 

1 his gronji of ense.s jireseiited all the ela.ssieal sions of eancer of the 
breast cini'bnsized in the older literature, 'Die tumors oeenpii'd one or 
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more quadrants of the breast. Tlicj’- -n'cro bard and fixed to the over- 
lying skin and sometimes to tlie underlying muscles. Discoloration, 
edema with “orange peel appearance” .secondary nodules in the skin, 
ulceration, and fungating tumors were among the skin changes noted. 
Enlarged axillary nodes Avere noted with few exeeptions in the histories 
and microscopically they contained mctastascs in all but 4 cases. Dis- 
charge from the nipple Avas noted in 3 per cent of the cases and Avas de- 
scribed as bloody, foul, or pus. To this gi'oup belongs tlie greatest num- 
ber of cancers Avhieh ultimately iuA’olA'cd both breasts. In 12 of the pa- 


ne. 



tients both breasts Avere apparently involved at the time of first admis- 
0^1110 bilateral amputation being done in 2 on the first admission and 
Hhe remaining 10 with an interval of about one month between the 

removal of right and left breasts. 

These cases are remarkable ^ 

and vmXVtlnvay of the nipple and larger 

secondary infe ^ aeration and necrosis. In many instances the 

the c,.,. 
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two or more large masses wit]! adjoining surfaces or connected l)y in- 
filtrating strands of tumor were found on section. iVIieroscopically these 
large tumors do not differ from the smaller scirrhous cancers. 

All of the cases in the present scries of large infiltrating scirrhous 
cancers were treated surgically, although some of the recent eases had 
pre- or postoperative irradiation. In the earlier decades many received 
radical Halsted operations, though in some instances the supraclavicular 
and axillary regions were dissected after an interval of days or weeks fol- 
lowing the amputation of the breasts with the pectoral muscles. In the 
more recent cases the larger tumors with ulceration or skin involvement 
were treated by simple amputation of the breast including the pectoral 
muscle in combination with irradiation with no attempt to perform the 
axillary dissection. Although this group of cases is inoperable accord- 
ing to modern standards, 8 cases survived the five-year period. 

Bccurrent Cancer . — In 220 ca.ses of mammary cancer in the present 
.scries radical operation was performed for recurrence after incomplete 
operation or dis.sections were performed for recurrent masses following 
a previous complete oi)eration for cancel’. In this group of cases there 
are many who had roi>eated operations for recurrences. One patient 
had a complete operation in December, 1921. and had twenty local opera- 
tions for recurrences, finally d.ving in July, 1928. sup])o.sedl,v from 
pneumonia. In a similar ca.so the tumor was first excised in 1926, the 
radical operation was done in 1929, and two local operations done for 
recurrence in 1930, the patient ultimately dying in 1933. Usually the 
local recurrence appeared within 1 to 2 years following the complete 
operation, or sooner if an incomplete operation was performed. There 
are 14 cases, however, in which the local recurrence took place 5 or more 
years after the complete oi)eration. In one case the first i’C(‘urrence was 
20 years after the comj)letc operation, in one case 12 years after, and 
m three cases, ten years after the comidctc oiieration. In all there were 
28 eases in which both breasts were ultimately involved. With the ex- 
ception of 4 cases, these patients did not survive the five-year i)eriod. 
following the apjiearancc of the reeurrenee. 

In a small grouji of eases known as acute or infiammatory carcinoma 
skin metaslascs ai)])ear before a nodule of appreciable size is discovered 
in tlie breast. Fortunately this 1yi)c of carcinoma with early skin mani 
festatious (sometimes spoken of ns erysipeloid cancer] is rare and occurs 
only 20 times iu the i»resent series. There were no five-year survivals in 
this gro\i]). although jmlliative results were obtained with <leci) x-ray 
therapy. 

cufci’Msi’inma) i’ohms or mamm.vrv ('.vNori! 

Dnc-fiflh of the cases <U’ mammary eareimmia in tlic present scries 
diftered clinically and on gro.ss examination from tite more common 
Variety of scirrhous <';incer. Mieroscoidcally. this smaller urou|> includes 
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(vircinoina sccoiulaty to Ijcnign papillonia, gelatinous or mucoid cancers, 
and comedo carcinoma growing in the mammary ducts. They are char- 
acterized l)y a slower growth aiid a better prognosis (tlicre are 61 per 
cent of five-year survivals). Clinically these tumors are distinguished 
by their softness on palpation and by their circum.seribed form. 


CmecMscr.inKi) Foums of M.smm.miv C.iscki! 


TVI'K 

CHAKACrnil 

xrsniKi: 

FIVE-YK.\K 

SURVIVALS 

Papillary adcnoearoiaoiiia 

5 to (5 cm., soft, circuniscribeil 

mmimm 


Gelatinous enneer 

cm., long duration, cystic 



Comedo cnrcinoimi 

localized or dirtusc 




PiipiUdi'ij Cancer. — The majority of the circumscribed forms of 
mnmmaiy cancer show a papillary structure, both in the gross and under 
the microscope (Fig. 12.) They are often of largo size and of more than 
a year’s duration. The central portion of the breast near or beneath the 
nipple was affected in one-sixth of the ca.ses in tliis series and a 
sanguineous discharge from the nipple occurred in 10 per cent. The 
growth differs from seirrlious cancer, being softer to palpation and re- 
maining in many instances freely movable despite its size. Distant 
metastases oeour late and local recurrence or involvement of the other 
breast often precedes metastases to the internal organs. Thirty per cent 
of these cases occurred in the colored race; whereas, in other forms of 
cancer slightly over 20 per cent were affected. 

In the present series there were 260 cases of papillary carcinoma. The 
average size of these tumors is between 5 and 6 cm. Some were about 
one-half this size, but not a few involved the entire breast. A little 
less than 50 per cent of the cases gave a duration in terms of years 
rather than months, and of this group tiic duration of 3 or more years 
was not uncommon. There is a wide age distribution in this group, 
practically equal numbers occurring in each decade between 30 and 70 
vears The occurrence of a sanguineous discharge from the nipple, a 
location near the center of the breast, and the microscopic appearance 
justify the conclusion that many of these eases of papillary cancer are 
late manifestations in a pre-existing benign papilloma. 

The tumor in the gross is liemorrhagic, necrotic, or cystic. The cut 
cnrfaee is friable and stringy. The tumor masses are well circumscribed 
a the periphery, often with a necrotic or cystic center. 

‘ TTnder the microscope the characteristic feature is the persistence of 
, m . italic supporting loops or folds of glandular colls of varying 
the fibrou c P^P epPhelial cell is malignant in char- 

shapes and ,,psieular nucleus and a moderate amount of eyfo- 

acter ‘ ‘ cells, however, are small and oval m appearance, 

plasm. Man> .^cinar structures, 

surrounding a simui 




RKGICNT ADVAXCES IX SURGERY 


935 


In some cases multiple benign papillomas are found in the region of 
malignant gronlh upon microscopic examination. In 12 cases multiple 
tumors in one or both breasts ivei'e found in the clinical examination. 
Jlieroscopically a benign papillary structure is sometimes seen ivith 
malignant, change at one margin and in 6 cases mucoid degeneration 
was found in the malignant papilloma. In 12 cases both breasts ulti- 
mately were involved. 



Kiii. V^. — VhoXoKrnplis of the jKiih nl ;ith 1 thf* pross fsprclnien ancl photomicrot:niph.'= 
‘^1 mh-nocarcluoniti. Thof»r tumora an* usuallv 5h.'tj*i>Iv clrcuni«rrn)*‘*l 

••‘fHuvn In iJu- ilUi«lrallons. 

1’:il)ill:iry adenocarcinoma may be cured by radical o))eration even in 
advanced cases. Among the tivc-ycar .survivals, tumors of 5 cm. or 
larger arc nearly as common as those of small size. In S cases surviving 
the five-year period, the tumor was 10 cm. or over in size. In 1 imticnt 
wiio was G!) .vears of age at tin* time of examination, a tumor of If cm. 
of d years' duration was found. There was a local recurrence 4 years 
after the radical o))cration. whicli was treated i>,v excision, and the jia- 
tieni died of <it!ier causes 17 years after the jirimary ojieration. A pa- 
ti'nt with a tumor of similar size died of cancer 17 years after a radical 
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opoi-iitioii in which the dissection was carried oiit a1)ove the clavicle 
because of mclastases to the glands of the neclv. In other cases in which 
the patient died of the disease, late local recurrence is a striking feature. 
The recurrence in some instances appeared from 5 to 16 years after the 
radical amputation. Because of the large size of the tumor, there is 
a tendency to sacrifice only the skin overlying the mass with very little 
additional margin, Tliis accounts for the high percentage of local rc- 



I*- of rnTniPPle on t.,o affected side. 


nu-rences observed in these cases. Despite tlie size of the growth and 
^he local recurrences, 60 per cent of the eases survived the five-year 

^ ' gelatinous, COLLOID, OR MUCOID CANCER 

Three per cent of breast carcinoma shows a gelatinous or mucoid in- 
^ n 1 distance in the gross and under the microscope (Fig. 13). 
tercellulai , .geter of the tumor has been variously ascribed to 

The gelatinoi ‘ or a secretory product of the 

degeneration emphasize the slow growth and 

epithelial cells. ^ Hauser, and Paek studied 
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30 cases of mucoid cancer and found the five-year survivals to be 57 per 
cent as compared to 41 per cent in a control group. 

Like papillarj' carcinoma, mucoid cancer is a slowly growing and low 
grade form in which arrestment of the disease may be achieved by 
surgeiy in advanced cases. Gelatinoirs carcinoma also resembles papil- 
lary cancer in its tendency to occur beneath the nipple (15 out of 75 
eases) and to be accompanied by a sanguineous discharge (10 cases). 
Other similar features are a duration of symptoms of years rather than 
months, an even age distribution in the decades between 30 and 70 yeans, 
an encapsulated and circumscribed character in the gross, Avhieh often 
leads to the clinical impression of a henign lesion, and an association 
under the microscope with benign intracystie papilloma. 

The outstanding clinical features of mucoid mammary cancer are 
the relatively small size of the tumor in comparison with the long dura- 
tion of symptoms, the peculiar fluctuant or "swishy” consistency of the 
tumor suggesting a ruptured cyst, the occurrence of bulging of the 
nipple rather than retraction when the tumor is in the nipple zone, and 
the freely movable character of the growth. Tlie average size of tumor 
in this series was 4.5 cm. and approximately 50 per cent had a diameter 
of 3 cm. or less. Nearly one-half of the cases liad a duration in terms 
of years rather than months. Nine patients were aware of the tumor 
for 6 years or longer; 1 had noted the tumor for 48 years, dying with 
metastases 5 years after operation. A patient who had noted the tumor 
in the breast 24 years before operation was living and well 15 yeai’S after 
(he treatment, and another who had a tumor 8 years died 6 years after 
a radical mastectomy. 

Because of the gelatinous and fluidlike consistency of the tumor and 
the absence of fixation, the initial clinical interpretation was that of a 
benign c.vst in 11 cases. The occurrence of multi])le nodules led to an 
mter])rctalion of a benign tumor in other instances. Pour cases were 
first diagnosed filiroadenoma ; and two, ])apilloma. In all, 19 cases were 
initially treated by excision. With few cxceptioTis this was followed by 
the complete operation within a few days. The difi'erentiation from 
benign cysts should not be diflicull since these cancers are near the skin 
surface, arc less tense and rounded on palpation, and are often accom- 
panied by discoloration of the ovorl.ving skin with atro])hy of tlic in- 
tervening fat. 

The n])pcarancc of gelatinous cancer in the gross is characteristic, 
t.tray translucent lobules resembling tapioca or semifluid mucoid mate- 
rial which flows from the tumor on .section arc diagnostic. I’ndcr the 
iiucroscojtc, acini or strands of small ei>itheli!d cells are dispci>cd in 
birgc amounts of light staining mucoid substance. Tlu* microsc()]>ic 
studies indicate that gelatinous cancer is the result of secretory 
'■b'uigcs in a slowly growing form of adenocarcinoma. In S cases in the 
present scries the origin of cancer could ho traced to pre-existing benign 
papilloma. In 1 patient ai\ excision for benign intracystie papilloma 
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opcral.iou in which llic dissection was carried out aljove the clavicle 
because of metaslases to the glands of the nech. In other cases in which 
the patient died of the disease, laic local recurrence is a striking feature. 
The j-ecurrcjice in some instances appeared from 5 to 16 years after the 
radical amputation. Because of the large size of the tumor, there is 
a tendency to sacrifice only the skin overlying the mass with very little 
additional margin. This accounts for the high percentage of local re- 
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larger ducts and for a long tinre may remain confined by tlie normal 
boundaries of the duct tree. Thi.s rare form of mammary cancer which 
may he associated with adenosis has been termed by Bloodgood 
comedo cancer. The term comedo is applied to snch a tnmor because, 
wlien it is cut, plugs of tumor cells may be expressed from the ducts 
similar to the plugs or comedones expressed from an ordinary blackhead 
on pressure. (Fig. 14.) 

There were 136 cases of comedo carcinoma in the present series. In 
one group, the so-called pure comedo cancer of Bloodgood, the tumor 
colls at the time of operation had not infiltrated beyond the basement 



in of the pntleiit. the Kro.^.'s specimen, ninl plnUomlcroKi-.iph 

ff-tturu** of coiiumIo enrrinoma. T1 h‘ .‘'MdmII i»Ums of luiiior can 

iJFoss. T!jc hiuh junvcnMl |>iioionilcrot?raj>!» s)io\vs lh<* pn-.c-nc** of 
liypcrplasia or julcnosls In Iho brousl tis.'suc mljaconl lo tin* lubiib’S \vhh*h 
InnUraKHl by cancer. 

membrane of the dticts. In the other "roin) of eases, infiltrating eometlo 
caretnoma, the tumor tissue at the lime of oiieriition was largely eon- 
fmed within tlie iireformed duets, but in addition eaneer cells intiltrated 
be.vond aod inviided fsit and fibrous tissue. This group of 13.'> eaneers. 
'vliieli comprises r> jier cent of all forms of niammaiy cancer, is the onI\' 
form of malicimne.v in the present series which showed a tendency to oc- 
enr in the breast which was the seat of adciiosis. .\)tproximately mie- 
diird of the eases showed such ehiin"es. This foian of cancel-, moreover, is 
'hr most fiivorahle form fi'om tlie staiicipoint of treatment and sliows 67 
I'cr rent of five-year evires. 
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luul been jjori'ornied 23 years jji'cviou.sly and llie I'eciUTcnl tumor at the 
Stimc site showed, iii addition to llie cbaraeteriKtic mucoid change^ tlic 
])ersislence of a ])apillary structure. In the majority of cases a papil- 
lary structure could not he found and Hic more solid epithelial portions 
of tlie growtli suggested a slowly growing adenocarcinoma. 

Tlie results of treatment of mucoid cancer are similar to tliose of 
pniiillaiw cancer in that radical mastectomy aecom])lishcs approximately 
60 per cent of five-year cures. In the present series there arc 33 cases 
surviving tlie five-year period; 27 arc known to he dead and 20 are 
iintraeed. On tlie basis of five-.vear follow-ups (omitting 2 recent 
deaths), there, arc 58 ycr cent of five-year cures. 'While radical mas- 
tcelomy is unf|uc.stionahly the treatment of choice in these cases, 1 pa- 
tient is rejiorted well 14 years after simple mastectomy and another is 
living 15 years after excision of a rccmTent tumor and T years after 
the local removal of an axillary lymph node which .showed metastasis 
on microscopic examination. In 2 additional cases where excision only 
was performed, 1 is still living 4 years later, and another died of 
metastases at the end of 4 years. Two other cases were treated by simple 
mastectomy. One died two years later and 1 has not been traced. In 
the oases where simple excision preceded the complete operation, the 
local removal apparently did not interfere with the percentage of cures 
established by radical operation. 

Although slightly less than 60 per cent survived the complete opera- 
tion more than five years, there arc many eases in this group of survivors 
that ultimately die of the disease. One patient died with mediastinal 
metastasis and extension to the neck 35 years after the complete opera- 
tion and another patient who had the tumor 20 years before the complete 
operation died of metastasis 6 years after. The fluidlikc consistency of 
the tumor predisposes to transplantation and local recurrence and 
ultimately to metastases. 


COMEDO CARCINOMA 

The germinal epithelium of the terminal tubules retains the power 
of o-rowth throughout sexual maturity and is capable of forming addi- 
tional mammary tubules as well as acini in response to hormonal stimuli 
during the menstrual cycle or pregnancy. Abnormal hormonal stimuli 
mav result in hyperplasia of these elements, producing minute papillomas 
and benimi adenomas characteristic of the proliferative form of chronic 
evstic mastitis, or adenosis. Malignant proliferation in these terminal 
tubules is common after menopause and gives rise to tiie most prevalent 
form of mammary cancer, infiltrating scirrhous carcinoma. Our studies 
: „ to i.gveal any etiologic connection between tlie iiyperplasia 

oTihese germinal buds in adenosis and the malignant proliferation oh- 
1 in scirrhous carcinoma. 

1 „rndo form of malignancy, liowever, may arise in the epithelium 
oflllrsmall tubules or from the basal cells beneath the lining of tlic 
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patients have remained veil more than 20 years, and a fourth patient 
has remained well for 36 years. The duct carcinoma composed of transi- 
tional epithelium related to Paget’s disease of the nipple does not afford 
as favorable a prognosis. 

Of 35 patients traced, 1 died of mctastases after 5 years, and 3 others 
died of metastases after 4, 3, and 2 yeai-s, respectively. Tlie remainder 
were well after 5 years (85 per cent five-j'ear cures), but 1 of these died 
after 6 years, a cancer of the opposite breast having developed. 

There were 8 cases of comedo carcinoma in which the initial treatment 
consisted of local excision. In 6 of these the growth recurred locally — 
in 1 to 4 years. In these cases radical operation was performed later, 
and metastases to the axillary nodes were found at the .second operation. 
In the 2 additional cases treated by local excision, 1 of the patients, the 
wife of a physician, has remained well for 11 years, no other operative 
intervention liaving been necessary. A secoiid patient is now well, show- 
ing no evidence of recurrence after SYo years. One patient was treated 
with irradiation followed by amputation of the breast without axillary 
dissection. This operation was imrformed in j\Iay, 1934, and the last 
report, made at the time of writing, stated that the patient was dying of 
metastases to the bone and to the skin over the wall of the chest. 

InfillradiKj Comedo Carcinoma . — The pure form of comedo carcinoma 
just discussed grows slowly and remains confined to tb.e ducts over a 
period of years and metastasizes very late to the axillary nodes. In the 
group about to be described, there were 84 cases of infiltrating comedo 
carcinoma which resembled histologically those previously described 
blit which showed, in addition, cancer cells infiltrating beyond the base- 
ment membrane of the ducts and invading fat and fibrous tissue. That 
this group represent.s a more rapidly growing fomn of comedo carcinoma 
rather than late cases of the jnirc form is indicated by the age distribu- 
tion which parallels that of pure comedo cancer, by the shorter duration 
of sym])toms, and by the comparatively small size of the tumor. Tlic 
average ago of infiltrating comedo carcinoma was 45 years compared to 
im average age of 46,7 yeai's in the noninfiltrating or circumscribed 
form. The average duration of symi)toms in the 28 cases of infiltrating 
comedo cancer which had noted a tumor for more than a year was 3ih 
years and the average ihiration for 48 ca.scs who had noted a tumor foi' 
le.ss than a year was 3.6 months. Tiie average size for all the tumors 
in tlie grouj) was 4.8 cm. 

fhe clinical characteristics of these t\unors resemble those of tin' non- 
mfillrating form of eomeilo cancer rather than .seii-rhous cancer in that 
they are frci)ucntly freely movable and arc often as-^ocialeil with the 
larger ducts near the nipide. In this groujt tliere wi're 6 patients treated 
by local excision in the first instance. One of the recent eases had no fur- 
ther operation. Tltree had tiie eomjdcte ojieration within :i montli fol- 
haviiij; local excision tind 2 of these died witliin ;i year, the tliird not 
bcitig traced. In the 2 remtutting eases the excision preeeiied ;hi' com. 



940 


SUUGEBY 


The cases ol “pure’’ comcOo carcinoma in the 52 patients observed 
in this series present either of two characteristic clinical pictures. In 
one, a slowly growing tumor involved the greater part of the affected 
breast and an isolated tumor could not be palpated in the enlargement. 
Despite the size of the growth, there were frequently no palpable lymph 
nodes. In the second, cli!iical tj’pe, the tumor was small, measuring 
fiom 1 to 3 cm. in diameter. One or more of such freely movable 
nodules were palpated just beneath the skin. The age of the patients 
with comedo carcinoma averages 46.7 years. Iji about 25 per cent the 
tumor was of over 2 years’ duration, and in 6 it had been noted for 
5 years or more. The location of the comedo carcinoma suggests an 
origin in or near larger ducts. It often develops near the nipple at 
tlie margin of the areola, in many cases just above and to the outside 
of the nipple. Symptoms referable to the nipple arc common. A watery 
millij' or yellowish discharge is noted not infrequently, lletraction or 
fi.xation of the nij^ple occurs often, and occasionally tlie patient com- 
plains of burning and itciiing of the nipple, a symptom more common 
in Paget ’s disease. In a few cases a scrosanguinous discharge from the 
nipple was noted. 

The tumor is usually located near the skin, and atrophy of the overly- 
ing fat and dimpling occur. Redness of the skin is sometimes noted. 
The tumor remains movable. Even when the growth is larger than 6 cm. 
in diameter, there will be no fi.xation to the wall of the chest. 

When the tumor is sectioned, characteristic plugs of tumor tissue can 
be expressed from the larger ducts. The growth is usually infiltrating. 

Comedo carcinoma arises from small oval cells with dense nuclei and 
scant}' c3doplasm. There are numerous iiitermediate cell forms which 
show a differentiation into duct epithelium with an irregular secretory 
border. These cells, the nuclei of which show no conspicuous malignant 
features, form a thick lining or wall in the ducts. The larger secretory 
epithelium surrounds the central lumen of the duet, which contains 
secretory debris; the smaller basal cells rest on a basement membrane, 
which sharply demarcates the duct epithelium from the periductal 
fibrous tissue. All of the duct channels throughout one or more quad- 
rants of the breast may show this characteristic hyperplasia of the lining 
epithelium. The tumor cells not only line pre-existing duets but form 
new secretory channels, so that small secondary openings appear in the 
cross sections of the lining epithelium of the larger duets. The tumor 
irrows slowly and metastasizes late, if at all, to axillary lymph nodes. 

In eases in which metastases occur, the epithelium in the lymph nodes 
shows the characteristic thick-walled ducts lined by secretory epithelium 
with numerous transitions toward basal cells. 

Of all the forms of carcinoma of the breast, comedo carcinoma offers 
the most favorable prognosis. There are 85 per cent of five-year cures 
o-rouD of cases. The majority of the patients living more tlian 
5 Vears Ifter operation have remained well for 10 years or more. Three 
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selected for s])ccial study on the basis of their mieroscopie appearance. 
There are tivo embryonic components from which the breast develops. 
The more primitive, the milk line, is composed of several layers of 
thickened epidermis, appearing in the embryo of mammals as bilateral 
hands connecting the sites of the future nipples. The second em- 
bryonic component, mammary bud, appears beneath the milk line. This 
is a small mound of undifferentiated epithelium derived from the basal 
cell layers of the epidermis. 

In subsequent development the system of jirimary ducts is formed 
by the extension of tiie ])roecss of differentiation beginning in the milk 
line. In the embryo these large milk channels are formed by the hyper- 
maturation, of squamous cells which arc identical with those found in 
the epidermis. Ultimately the epidermoid lining of the large mammary 
ducts is replaced by mammary duct epithelium. However, the persist- 
ence of epidermoid cells in the ni])ple and in the mouths of the larger 
ducts accounts for the appearance of epidermoid or Paget's cancer in 
tiiosc structures in later life. A persistence or reappearance of the 
lU'imitive epidermoid lining in the larger maniTnary ducts some dis- 
tance from the nipple accounts for a form of duet cancer resembling 
Paget ’s disease of the nipple and for epidermoid carcinoma or cancer 
cysts whieli may occur deep in the breast tissue. 

Payct’s Disease of the Nipple. — Paget's cancer is characterized by in- 
vasion of the ejiidermis of the nipple or areola and (usually) the 
mnuths of the larger ducts by malignant colls ]'e.sembling those seen 
in transitional cell cancer of the .skin or mucous membranes. The 
aialignant cells differ somewhat from the usual ej)idermoid carcinoma 
and for this reason liave become known a.s Paget cells. (Fig. PI.) 
Tlie clinical histories are of two types-, one in which nipple symi)toms 
inoccde a tumor in the breast and the othoi- in which a lumj) in the 
breast i)recodes symptoms referable to tiic nip])le. 

Hcgardle.ss of tbe mode of onset, all tbe cases of Paget's cancer in- 
cluded iji tlie i)resent study ultimately involved the nipple. The evi- 
dence in tbe pre.sent stnd.v indicates that cancer of tiie Paget 1y])e 
hecins citlier in the larger duct beneath the nii)])le or in tlie basal cell 
layei-s of the epidermis of the nipjde it.sclf. in cells ])rede.stined to form 
uiainniary ducts. Tliat the tumor may begin in the l)asal cells of ihc 
"ipple is indicated first by two benign cases in whicli keratosis of llu- 
'dppic only was found, at the lime of the first examination, and which 
t'clurned after an interval of a year or more with ulceration of the 
’U[iple showing cancerous changes on excision. Second, a sei-ics of !!• 
c:iMs where malienajit Pairel cells were fo\ind in the nii)ple. in 
uhieh eidier tlie simide masteetomy or radical mastectomy was ju-r- 
f'lrnied. and subsequent examination of the amputated Incasl t:dled 
reveal any evidence of the disease outside of tlie niiqdi-. 'ihird. ;i 
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])le(e o])eration by^ more lliaii 1 year. Both, Iiowever, have remained 
well for 14 years i'ollowinff tlic complete operation. 

At the time of wriiing, 27 cases have not been traced for a period 
sufficient to learn the results of treatment and 55 have been followed. 
Twenty-seven of the followed cases are known to be dead, and 28 have 
survived the five-year period. All the cured cases except the 2 Just men- 
tioned ViCvc treated by I'adical suvgevy. None of the cured eases re- 
ceived ])reoporativc ii-radiation. There arc 51 per cent of five-year sur- 
vivals. 

! 

VAdKT a DISIC.ISK OF 'i’HK XHU'I.K AN'I) DUCT AXD PAGETOID CAXCEB OF 

THE IJKEAST 

Since Paget’s clinical description in 1874 of cancer of the female 
nipple and Butlin’s microscopic study of the disease in 1876, cancer of 
tlio breast cliaraclcriiied by large cells resembling squamous epithelium 
has been recognized as a separate form. The exact definition or limit of 
the disease, hoivever, has been much disputed. Clinically there has been 
a tendency to classify as Paget’s disease any lesion of the breast pro- 
ducing destruction of the nijiplc. However, cancer characterized by 
large epidermoid-like cells of the Paget typo may occur in the breast 
without involving the nipple. A definite group of carcinoma of the 
ducts resembling Paget 's cancer of the nipiile under the microscope may 
remain confined to the ducts or invade the .substance of the mammary 
gland and not the nipple. Another group of cases of so-called cancer 
cysts contain epithelium resembling the Paget type but arise within the 
.substance of the gland. 

In the 2,300 cases of cancer of the breast in the iiresent series there 
were 62 cases which had been routinely classified as Paget’s cancer. 
TJiese were characterized by lesions of the niiiplc and In- the presence 
of typical Paget cells which involved the nipple and with few e.xceptions 
the mouths of the adjoining duets. In 40 of these cases a cancerous mass 
was also found in the mammary ti.ssue at some distance from the nipple. 
There was a second group of 25 cases of duet carcinoma in which the 
tumor was characterized by large "Pagetoid cells, '' originating in and 
for the most part confined to the larger ducts. Seven of tiiese were ac- 
companied by a discharge fi'o.m the niiiplc but none jiroduced ulceration 
or liistologic invasion of that organ. There was a third group of eaneer.s 
liistologicaUy resembling Paget’s disease of the nipple or Pagetoid 
duct cancer* This group of 74 carcinomas of the breast showed little 
or no tendency to involve tiie larger ducts or to invade the nipple. 
They o-ave rise to distinct mammary tumors which wei-e u.sualJ.v cliar- 
acterized in tlio gross as cancer e.ysts, the enclosed cavity containing 

blood or necrotic tissue. . 

Timse three »roups of carcinoma totaling 161 eases aiiparently arise 
f a more primitive form of transitional epithelium and have been 
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In some instances tliere was gradual retraction and disappearance of 
the nipple, the nipple being replaced Iiy an ulcer. In a few instances 
the area of ulceration was in the areola and not in the nipple itself. 

Nearly 50 per cent of the patients were 50 years of age or over, and 
the majority were past the menopause. In 10 cases the patients were 
G5 years or over. The usual duration of s\'mptoins was between 1 and 
3 years. In 12 eases tlie dui’ation was 5 years or over. Distinct papil- 
lary or warty projections of the epidermis covered by roughened but 
intact mucous membrane apparently bear no relationship to cancer. 

The distinction between benign and malignant lesions of the nipple 
cannot be made clinically in cases of keratosis and ulceration in which 
a mass palpating like cancer is not found in tlie underlying breast. 
During the corresponding period in which 62 cases of Paget’s cancer 
were observed, 82 benign lesions of the nipple were recorded. In 40 
of these cases of keratosis, a few of which were complicated by ulcera- 
tion and red granular nipple, the benign nature of tlie lesion was 
established by healing and disappearance of the lesion upon ap- 
plications of petrolatum following cleansing of the nipple with soap 
and water over a period of three to four weeks. In the other 42 cases 
healing did not occur when such cleansing and protective measures 
were instituted. Tlicso cases, with 5 e.xceptions, were treated by ex- 
cision, and microscopic study failed to reveal evidence of malignancy. 
In the 5 e.xeeptionnl eases observed prior to 1920, simple mastectomy 
or the radical operation was performed because the lesions were con- 
sidered clinically malignant although pathologic study failed to reveal 
evidence of carcinoma. 

A pathologic study of the breast removed in cases of Paget’s cancer 
of the nipple shows?, in addition to the kcratotic or ulcerated lesion of 
the nipple, dilatation of the larger ducts in the nipple zone. Occasion- 
ally these duct.s arc filled with blood or insi>issated secretion. In other 
cases the dilated duets are distended with cancer cells. In 1 ca,se a 
S'Ciall encapsulated le.sion measuring 5 mm. was found just beneath the 
aipplc. This was microscopically composed of cancer cells. Tlie occur- 
I'cnce of a definite infiltrating mass in tiie mammary tissue outside tiu* 
"ipple zone occurred in slightly over 60 per cent of the eases. Witli few 
exceptions these cases also showed metastasis to the axillary lymph 
nodes. Ill 1 ea.se the nijiple an<l axillary nodes were involved and no 
cancer could be demonstrated in the mammary tissue. 

The ea.se.s classified as Paget '.s I’aneer in tlie jircsent series in every 
mstance contained large cells with tloep staining or vesicular nuclei 
'">d a large amount of ])ale staining cytoplasm in the epidermis ol the 
"ipple. Mitotic figures arc freipient. In 2 eases the Paget <'ells were 
found only in the ejiidermis of the nipple or are<ila and no malignant 
colls emdd 1 h; found in the adjoining tinets or underlying mammary 
d‘'Si!e. In the remaining eases the larger duets were iinohed .ind the 
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small group of cases in which Paget cells were found in the nipple 
and cures were established by local excision. 

That Paget’s cancer may begin in a duet beneath the nipple is in- 
dicated by a group of duct cancers, with Pagetoid cells (to be described 
subsequently) which do not involve the nipple and by a few eases of 
this type which showed involvement, of the nipple late in the course 



t. ? r»?<ntnmlrrotrrflPlis of involvciTisnt of ths nipple bj Pnget 
15.— Photographs and photonncrograpns^ui 


of the disease. This is also suggested by those patients who have noted 
a mass in the breast for months or years before noting changes m the 

“Tfe’sjunptoms in Paget’s disease relate to the nipple whether or not 
a in .heh.nderiying l.re.,., W™ 

soreness is noticed ii.nt but in some instances » ^ “ “ * 

were first observed. Fissure or ulceration usually de%elopea in 
cases wliich microscopically proved to be malignant although m c.v- 
eeptional instances the nipple was red and large and finely gianulai. 
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cancer tissue is demonstrated in the mammary gland, the chances of 
the patient surviving the five-year period are less than 10 per cent (8 
per cent in this series). 

Paget’s Cancer of the Ducts . — In the present series there were 23 
cases of carcinoma which involved the larger ducts of the breast and 
whicli, on the basis of liistology, could be related to the group of 
Paget’s cancer just described. The tumor cells lined the ducts in 
broad sheets or multiple smalt papillary-likc masses. The cells arc 



rVc. in, — Oro.'i.'* (<i)(T-lnU‘n iiikI pliolonilcro>;r:u>li of n cii.-o' of lUict cniicir of t1i>' ram i 
typo. Tin* nipplo was not Jnvolvotl In this cas»'. 

large aiicl liave an almndanl cyloplasm with immense ilense or vesicular 
miclei with numeron.s mitoses. (Fig. IG.) Mnltinueleatcd giant tumor 
ceil.s are common. The involvement of the larger ducts is similar to 
that found in Paget's disease in all vesjicets exccjit the nijijde is not 
nivolveil. This group of eases njijmiTntly represents tlu' earliest stage 
of P.'iget 's cancer which begins in the l.arger duets within the breast 
pro])er rather than in the nipi*le. ttne-half of the eases gavi- a duration 
of symptoms of two months or less, a finding in lieeping with this 
uiterpreiation. N<ine of the tumoi's exeei'disl -1 cm. in diameter. Fif- 
teen of thi' jiatients in this scries, all of wlmm were treated by 
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cells in the nipi)lc wei'e infilli'alecl bej'ond llie basement membrane. 
The duets were lined b.v many la.vers of large malignant epithelium 
with necrotic debris or secretion in the enclosed lumen. Where tlie 
ducts only were involved in addition to the nipple, the growth in the 
ducts showed a histologic ])ictnvc 'under low power suggesting the type 
of cancer loosely referred to as comedo or duct cancer. ^Y]\m the 
breast tissue was invaded, the microscopic appearance is that of Grade 
IV scirrhous carcinoma, but under high power the cells are larger, more 
irregular in shape, contain numerous mitotic figures and tumor giant 
cells, and in general resemble epidermoid carcinoma although no kera- 
tinization is found. 

In the ]5rescnt series 22 eases of Paget’s cancer clinically and on 
pathologic exami7iation showed no mass Avithiir the breast proper. Three 
of these cases were ti'eatcd by simple excision of the nipple and under- 
lying ducts and fat. Three had simple amputations of the breast and 
the remainder were treated by radical mastectomy. One of the cases 
ti’cated by local excision died of cancer 3 years later and 1 treated by 
simple mastectomy died of recurrent cancer 1 year later. The 2 re- 
maining eases treated by excision were well 7 and 10 years later. In 
1 both nipples were involved. In the 2 remaining cases receiving simple 
amputation, 1 died of metastasis 5^/2 years later and the other of old 
age after 8 years. In those eases treated by radical mastectomy in this 
group where the cancer Avas confined to the nipj)le and adjoining duets, 
none so far traced has failed to survive the five-year period. Six have 
not been traced and 14 are cured. 


There Avere 40 eases of Paget’s cancer in Avhich in addition to the 
nipple lesion there Avas a mass in the underlying breast, usually pal- 
pated before operation. All of these eases Avere treated by radical 
mastectomy. TAA’cnty-three died of the disease Avithin less than 5 years, 
the majority Avithin a period of 1 or 2 years. Fifteen have not been 
traced. Tavo cases survived the five-year period. One of these died 
after 6 years, the other is living and Avell 10 years later. 


Irradiation has failed to eradicate the disease as shown by eases 
ultimately treated by mastectomy, and Cohn has reported instances 
Avhere irradiation was folloAved by Jiealing of the lesion of tlic nipple 
bnt continued growth and spread of the disease occurred in the breast 
beneath. Keratosis, fissures, ulcerations, and red granular changes in 
the nipple should be treated by excision of the nipple zone with a 
margin of skin and a core of underlying ducts and fatty tissue, m 
those cases wlierc the lesion fails to heal witliin three or four njeks 
after cleansing and protective measures. The excised tissue shou 
subjected to microscopic study and, if cancer is ' 

fomv is indicated. In those eases Avherc cancer is not found m tl 
■and'erlying breast tissue, cures Avill be effected by this treatment. leie 
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cancer tissue is demonstrated in the mammary gland, the chances of 
the patient surviving the five-year period are less than 10 per cent (8 
per cent in this series). 

Paget’s Cancer of the Ducts . — In tlie present series tliere were 23 
cases of carcinoma which involved the larger ducts of the breast and 
^Ylnch, on the basis of histologj’-, could he related to the group of 
Paget’s cancer just described. The tumor cells lined the ducts in 
broad sheets or multiple small papillary-like masses. The cells are 



EIk. 10. — Gros.s .specitiien .ni<l photomlcrosrrapli ot a case of duct cancer ot tlie Pacet 
type. The nipple was not Involved in this case. 

large and liavc an abundant cytoplasm with immense dense or vesicular 
mielci with numerous mitoses. (Fig. 16.) !Multinucleated giant tumor 
'^ells are common. The involvement of the larger ducts is similar to 
that found in Paget’s di.sease in all respects except the nipple is not 
involved. This group of eases apparently represents the earliest stage 
nf Paget’s cancer whicli begins in the larger duets within the breast 
projicr rather than in tlie nipple. One-half of the cases gave a duration 
nf sym])toms of two months or le.ss, a finding in keeping with tliis 
interpretation. None of tlie tumors exceeded 4 cm. in diameter. Fif- 
teen of tlie ‘2.1 jiatients in this seines, all of whom were treated by 
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radical operation, have been traced. Two were well after 4 years. Of 
the xennnning 13, 7 died of mctastascs and 6 were well over 5 years 
Epjdermoid or Pagetoid Cancer of the Breast. -In the present series 
there were (4 cases of cancer which resembled histologically tlie eases 
of Papt s disease of the nipple and Paget’s cancer of the ducts. The 
age distribution in this group is similar to that for mammary cancer 
m general. Tlie tumors were most often located in the midzonc of the 
breast.. With few e.xeeptions they were embedded deep in mammary 



Fig. 17. — Pliotograph of the patient, gross specimen, and photomicrograph from 
a case of transitional ceil (Pagetoid) carcinoma of the breast. The photomicrograph 
shows the resemblance of this form of cancer to epidermoid carcinoma. 


tissue and one-fifth of the number were located in the lower hemis- 
phere of the breast. Tlie tumors resemble other forms of carcinoma 
in their tendency to grow rapidly without pain and ultimately to pro- 
duce discoloration, edema, and ulceration of the overlying skin. The 
average size of the tumors in the series was 4.8 cm. The mass was 
usually regular on outline and eireumseribed. (Fig. 17.) Slost often 
it was freely movable. In nearly one-sixth of the cases the impression 
of benign cyst was obtained before operation and several were aspirated 
and a jmllowish or bloody fluid obtained. In 5 cases the mass was 
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thought to contain multiple cysts, 1 giving the clinical impression of 
polycj^stic disease. In 5 cases the disease involved both breasts at in- 
tervals of 2 -weeks, 1 year, 2 ymars (2 cases), and 6 years. The majority 
of the -women affected had borne three or more children and an appar- 
ently significant number recalled a severe blo%Y at the site -where the 
tumor developed. 

The most characteristic features are in the gross and microscopic 
pathology. In the gross pathologj% -with fe-v\' exceptions, the tumor 
was classed as a cancer cj^st. The tumor contained a distinct wall, some- 
times uniformly thick and other times thinned at one or more portions. 
If the wall was relatively smooth and the cavity large, the cyst con- 
tained bloody fluid, a finding which rules out the possibility of a benign 
blue dome cyst. In other eases granular, grumous, necrotic, or pulpy 
material occupied the cavity. No distinct papillomatous mass was 
noted, a point which distinguishes them from papillary cancer. 

Microscopic examination of the tumor tissue shows large highly 
malignant tumor cells, gi'owdng in sheets or coiled membranes. The 
nuclei are hj’perehromatic, variable in size and shape, and contain 
frequent mitotic figures and binucleated forms. In 8 cases there was 
frank squamous cell cancer in the cyst lining. Some were apparently 
related to benign dermoid cysts and showed keratinization and pearl 
fomation. 

All of the 74 cases were treated by I'adical mastectomy, despite the 
fact that some were explored for a benign cyst. Twenty-two survived 
the five-year period and of these only 3 were knoum to have died 
ultimately of the disease. Thirty-eight died of the disease, with few 
exceptions in less than 4 years. The remaining cases were untraced. 
There are 32 per cent of five-year cures. 
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REVIEW OP THE THIRTEENTH ANNUAI-. MEETING OP THE 
PACIFIC COAST SURGICAL ASSOCIATION, 

LOS ANGELES, CALIP., PEB. 22-25, 1938 

I-Iknky H. Sfakls, M.D., Sax Praxcisco, Calif. 

Dr. 'Wayland A. Morrison, Lo.s Angeles, Calif., in tlie President 's Address, dis- 
cu.s?c<l the continued trend toward specialism in medicine, noting that the modern 
surgeon worhs hard and dies early. He advised les.s vocation and more avocation. 

Dr. Howard C. Naffziger, San Francisco, Calif.: Experiences With Injuries of 
the Intervertehral Disks and Ligamenta Elava. — In Dr. NalTziger’s absence this 
paper was presented by Dr. Howard W. Fleming, San Francisco, Calif. The 
essayist desevibed the anatomy of the vertebral column and its fibrous and 
eartilaginou.s attachments witli special reference to the ligamcntuni davum and the 
intervertebral disks. The close relationship of the ligamentum fla^-um to the nerve 
roots was pointed out. Injury to this ligament results in hypertrophy and pressure 
on the neighboring nerve root. In other instances abnormal pressure on the vertebral 
column causes herniation of the soft nucleus pulposus through the. thin posterior 
portion of the annulus fibrosus. The projection backward of this herniating fibrous 
material causes pressure on the cord or the branches of the cauda equina. The 
typical picture is tliat of a male in the active period of his life, who has a history 
of trauma, followed by sciatic pain which is aggravated by coughing or straining. 
The pain radiates to the outer .«ide of the leg and to the dorsum of the foot. There 
is an absent or altered Achilles reflex on the affected .«ide. Sensory changes m.ay be 
noted on the outside of the calf; tliere is muscular weakness, and pain is present on 
straight leg raising. X-ray examination of the lower spine, following the adnnmstra- 
tion of lipiodol intrathecally, shows a characteristic filling defect, which is diagnos tc. 
Helief follows laminectomy and removal of the liypertrophied ligamcntuni flaviim or 
horlted nucleus pulposus. In the discussion, Dr. Harold Hitchcock, Oaklai^^I 
Calif suggested spinal fusion following laminectomy in order to prevent ^ 

S the vertebral cLmin by the operation. Dr. Frederick Beichert, San Francisco 
Calif felt that lipiodol left in the spinal canal might be injurious and 

thecal air in place of lipiodol. 

Dr. Fred R. Fairchild, Woodland, Calif.: Supplementary ^ 

Sion of Appendicitis Given in 

1. . « STr. .1- «»■ «-■ 

” ,v:: s:? Ars.:” . - 
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ond half of life. There were no deaths in the second series when operation was 
performed within twenty-four hours of the onset of the attach. In his first series 
the mortality was 4.4 per cent; in the second, 1.37 per cent. He attributed the 
improvement to (1) less delay, (2) the u.se of a gridiron incision, (3) the reduc- 
tion of the operative procedure to the simplest possible tj'pe in patients in the 
second half of life, and (4) the use of drainage rather than appendectomy in all 
patients for whom there was doubt in the surgeon’s mind as to the safety of ap- 
pendectomy. The paper was discussed by Dr. William A. Taylor, Ellensburg, 
Wash., who recommended a delay of from eight to fourteen days in all patients 
whose illness was of more than twenty-four hours’ duration. He reported 3 deaths 
in 557 cases. Dr. E. C. Moore, Los Angeles, Calif., sugge.sted the employment 
of regional or spinal anesthesia. 

Dr. Alson R. Kilgore and Dr. Leroy C. Abbott, San Francisco, Calif.; Sarcoma 
Following Benign Bone Lesions. — The essayists pointed out the danger of sec- 
ondary sarcomatous degeneration in some of the benign bone lesions and reported 
such a development in a ease of chondroma. Dr. E. I. Bartlett, San Francisco, 
Calif., suggested the use of x-ray in central chondromas. Dr. Donald V. True- 
blood, Seattle, Wash., discussed the pathologic phase of the problem and warned 
that a bizarre pattern in the benign lesion carries the threat of malignant de- 
generation. 

Dr. John C. Wilson, Los Angeles, Calif.: The Circulation of the Upper End of 
the Femur and Its Relationship to Trauma. — Dr. Wilson pointed out that no blood 
vessels are found in the ligamentum teres in early or late life and, therefore, in 
fracture of the neck of the femur associated with rupture of the ligamentum 
teres, aseptic necrosis of the head is the common end-result. He felt that fracture 
of the neck of the femur in children is very serious and leads to grave disability. 
The immediate results are good, but in from ten to twenty months aseptic necrosis 
develops. Similar complications are found in late life. 

Dr. E. C. Moore, Los Angeles, Calif.: Chronic Cholecystitis with Reference to 
the Spastic Colon. — Dr. hloore urged extreme care in the diagnosis of gall-bladder 
disease without stones. An irritable colon as the source of symptoms must be 
ruled out by therapeutic test. In the latter condition a definite historj- of colic 
or jaundice notably will be absent. X-ray examination, including barium enema 
and cholecystography, should always be employed. Gall-bladder disease and ir- 
ritable colon cannot be diflerontiated by symptoms alone in many cases. The 
irritable colon, however, is functional and will respond to medical therapy. Dr. 
itoore emphasized hero the importance, as in cases of peptic ulcer, of cooperation 
between the surgeon and the internist. If there is no history of acute gall-bladder 
colic or jaundice, he recommended medical treatment for colitis first as a therapeu- 
tic test. Dr. Thomas Joyce, Portland, Ore., suggested that the relief of gall- 
bladder disease might help a spastic colon. Dr. L. R. Chandler, San Francisco, 
tlalif., noted improvement of gall-bladder function after a spastic colon had been 
returned to a normal state. 

Dr. Edgar L. Gllcreest, Ran Francisco, Calif.: Lesions of the Shoulder, with 
Special Reference to Unusual Ruptures of the Muscles of the Shoulder Girdle and 
Dppor Arm. — In most patients complaining of pain in the shoulder, oxtr:i-articuIar 
lesions, nithcr than arthritis, are the source of the trouble. Fraying or rupture 
of the supraspinatus tendon is not uncommon. Rupture of the biceps and tri- 
eeps has boon encountered frequently. 
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Dr. C. G. Toland and Ur. WilUam P. Kroger, Los Angeles, Calif.; Benign Tu- 
mors of the Stomach; Keport of a Case. — ^Jryomas comprise the majority of benign 
gn,stnc tumors. They rarely cause sj'mptoms unless complications develop— such 
as ulceration, hemorrhage, pressure, or, rarely, malignant degeneration. If intra- 
luminal, benign tumors may obstruct the pylorus; if extraluminal, they may cause 
symptoms by pre.ssuro. The author.s reported a ease of a large mvtraiuminnl 
myoma, arising by a pedicle from the posterior gastric u-all and Ij-ing in the 
les.sor .sac. A filling defect seen by x-ray was first thought to be caused by car- 
cinonia, but later the roentgenologist diagnosed a benign lesion. Peritoneoscopy 
identified the tumor as presenting beloiv the greater curvature of the stomach. 
At operation the pedicle was transected and the tumor removed easily. It weighed 
700 gm. The pathologic diagnosis was leiomyoma. The patient recovered. Dr. 
Veme C. Hunt, Los Angeles, Calif., described two origins of benign tumor-s — 
papillomas and adenomas from the epithelial layer, and myomas and dbromas 
from the connective tissue and muscular layers of the stomach wall. He noted 
that malignant degeneration is especially common in the case of papillomas. 

Dr. William J. Norris, Los Angele.s, Calif.: Intestinal Obstruction in Infancy 
and Childhood. — ^Pr. Norris reported 100 eases (treated by various surgeons in Los 
Angeles), including cases of intussusception, atresia, stenosis, obstruction from 
postoperative adhesions, malformed or imperfect anus, volvulus, obstruction 
from Meckel’s diverticulum, intra-abdominal herniation, and stenosis from the 
ingestion of strong chemicals. Delay was considered the most important factor 
in mortality. No patient requiring resection recovered. He recommended, there- 
fore, exteriorization for gangrenous loops. Factors which contribute to a reduc- 
tion in mortalitj' are: (1) early diagnosis, (2) avoidance of complicated pro- 
cedures, (3) the preoperativo treatment of dehydration and the use of measure.s 
to obtain decompression, and (4) the use of the least amount of surgery that can 
be done. Dr, Otis Lamson, Seattle, Wash., emphasized the seriousness of obstruc- 
tion in infants and reported a case. Dr. H. Glenn Bell, San Francisco, Calif., 
stressed the importance of adequate preoporative care, the administration of 
parentor.'il fluids and blood transfusions, and reported several cases. 


Dr. Paul C. Gimhy, Seattle, Wash.; Congenita] Pulmonary Cyst; Heport of 
a Case. — ^The common error of calling this disease chronic empyema was empha- 
sized and a case was reported of solit.ary congenital pulmonary cyst, which was 
finally recognized and cured by excision. Dr. Prank S. Dolley, Los Angele.s, 
Calif., reported several similar cases and discussed the mechanics of their de- 
velopment. 


Dr. Irving Wills and Dr. P. A. Gray, Santa Barbara, Calif.; Diabetic Sur- 
gery. H. End-Eesults. — ^These authors emphasized the fact that the diabetic 
patient, because of his metabolic defect, is more prone to infection, acidosis, and 
peripheral circulatory collapse than the normal person. Because of unfortunate 
experiences with the less radical procedure, they recommended high amputation, 
under spinal anesthesia, in cases of diabetic gangrene of the foot or leg. Post- 
operatively, the blood sugar determination should be made every four hours and 
sufficient insulin administered to maintain the blood sugar at from 100 to 15 
mg per cent. They recommended radical removal of thyroid tissue in toxic goiter 
and noted that such patients u'ten require less insulin after operation. In 
emergencies, they operate at once unless the patient is in ketosis. Throughout 
the paper they stressed the importance of cooperation with a good internis 
and laboratory technician. With such cooperation, any operation can be um er- 
taken safely on the diabetic patient. Dr. P. A. Gray, Santa Barbara Calif., cm 
phasized the gravity of peripheral circulatory collapse and suggested the use 
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a large amount of fluid to prevent or overcome it. Dr. Verne C. Hunt, Los An- 
geles, Culif., pointed out that anesthesia and operation temporarily upset the 
chemical balance and cause sudden rvide variations in the blood chemistry. 

Dr. Charles Dox, San Diego, Calif.: The Treatment of Deep Infections of the 
Neck. — Dr. Fox discussed the anatomy of the fascial spaces and pointed out that 
pus under the deep fa.«cia cannot be demonstrated clinically. He felt that ab- 
scesses forming in this region do not give the impression of fluctuation because 
of the overlying fascia. He urged early incision and drainage and decried the 
delay in -waiting for pointing. The deep fascia prevents the pus from coming 
to the surface. Dr. E. I. Bartlett, San Francisco, Calif., believed that infected 
teeth are most often the .source of abscess formation under the deep fascia. 

Dr. Philip K. Gilman, San Francisco, Calif.: Malignant Disease of the Small 
Bowel. — Cancer of the small bowel is twice as frequent in the male as in the fe- 
male. It is rare, as compared to cancer in the colon. It is usually annular and 
constricting, and obstructive symptoms often are the first indication of the dis- 
ease. Progressive pain after meals, colicky in character, occurring in the epi- 
gastrium above the umbilicus, associated with constipation and vomiting, sug- 
gests the development of chronic obstruction. A mobile mass may be felt; blood 
is usually present in the stool. The diagnosis usually can bo made by x-ray ex- 
amination. Glandular metastases may occur early. Treatment consists of re- 
section, with removal of regional lymph nodes, but the prognosis is very grave. 
The essayist suggested a method of excision with extra-abdominal clamping of 
the transected ends and secondary intraperitoneal ann.stomo.sis after 24 hours. He 
reported three cases. Dr. Thomas Joyce, Portland, Ore., emphasized that pain is 
a prominent symptom in malignancy of the small bowel, and thnt occnlt blood is 
a frequent finding. 

Dr. W. D. Kirkpatrick, Bellingham, Wash.; Mesenteric Lymphadenitis in Ke- 
lation to Intestinal Obstruction. — Mesenteric lymphadenitis is most often found 
between the nges of 15 and 30 years; both tuberculous and nontuberculous tj-pos 
are noted, and cither may be calcified. He reported a case of obstruction in an 
elderly patient, caused by a large, calcified mesenteric lympli node. Dr. 'WilUam 
J. Norris, Los Angeles, Calif., noted that either caseation or calcification in 
mesenteric tni)crculous adenitis tended to cause the formation of adhesions. 

Dr. Samuel Eohinson, Santa Barbara, Calif.: A Case of Eupture of the Small 
Bowel without Bxtcmal Tratuna or Pathology. — The author reported a case of 
spontaneous rupture of the bowel, probably caused by extreme intra-abdominal 
pressure associated with athletic elTort, forcing a portion of the bowel w:ill into a 
small inguinal hernial sac and rupturing it. Ho suggested that the mechanism 
Was .similar to that of an inner tube, bursting through a defect in an automobile 
tiro. His patient had an extremely stormy postoperative course, developing 
several focal fistulas, which were treated by means of inlra- and cxtraliiminal 
rubber disks sewed together, which temporarily closed the openings. The patient 
was finally .sullicieritly improved to permit rcoporation and resection of the fistu- 
lous loops, and made an excellent recovery. Dr. C. G. Toland, of Los .\ngolcs, 
Calif., having been in consultation on this patient, described the infinite care 
which the patient received in the effort to improve his condition to the point at 
whicli a secondary operation could be performed. Dr. Edmund Butler, .San 
Francisco, Calif., reported a similar case in which intestinal contents were found 
tn the sac of an inguinal hernia. 



REPORT ON THE MEETINGS OP THE AjilERICAN SOCIETY 
FOR PHARMACOLOGY AND EXPERIMENTAL THERA- 
PEUTICS, BALTIMORE, MD., MARCH 30~APRIL 2, 1938 

Raymond N. Bietek, M.D., Sr. Paul, Minn. 

(From the FeparUnmit of Pharmacology, the University of Mime-tota Medical 

School ) 

■YHE pharmacology of sulfanilamide continues to be a question of major im* 
portance. An afternoon discussion meeting on this subject urns conducted under 
the direction of Dr. E, K. Marshall, Jr., and Dr. Perrin H. Eong, Baltimore, Md. A 
considerable number of pharmacologists and other interested investigators partici- 
pated. The first question considered was that of the therapeutic effects obtained 
in experimental infections in animals. It was agreed that even this question 
presented many difficulties, such as variations in tlie virulence of the organisms 
and the resistance of the host and how and when to administer the drug. An ex- 
ample of this latter difficult^' is described. One large dose of sulfanilamide each 
2d hours administered to mice infected with meningococci was no more curative 
than a mediocre serum. If the same total amount of the drug was given in two 
or more divided doses each 24 hours, the curative effects became marked. 

The second question considered was that of therapeutic effects in patients. The 
most striking results have been obtained in the treatment of meningococcus in- 
fections. The next most satisfactory results have occurred in infections due to 
the beta hemolytic streptococcus. Less remarkable results, to date, have been ob- 
served in infections due to either the tj'phoid or the Welch bacillus, and in urinary 
tract infections duo to gram-negative bacilli and staphylococci. In the treat- 
ment of pneumococcus lobar pneumonia the drug appears to be of no value, al- 
though in meningitis due to this same organism occasional good results have been 
obtained. It was also brought out that the drug shows its most marked therapeu- 
tic effect in acute infections of a highly invasive tj-pe. 

The toxicity of sulfanilamide was the third question discussed. As is com- 
monly known, the acute toxicity is rather low. Four investigators reported the 
lethal dose for 50 per cent of a series of mice to be from 3.5 to 4 gm. per kilogram 
of body weight. The chief toxic reactions observed clinically have been: (a) 
minor cerebral reactions, such as listlessness, dizziness, nausea, etc.; (b) fever 
and skin rashes; (c) cyanosis; and (d) the most dangerous reactions, namely, 
acute hemolytic anemia and agranulocytosis. To date, it has been quite difficult 
to duplicate these reactions in animals. No one has reported any changes in the 
red or white blood cells in animals, and only occasionally has cyanosis been ob- 
served in experimental work. The closest appro.ximation to hunmn toxic reactions 
was reported by Dr. S. M. Eosenthal, and Dr. H. Bauer, Washington, D. C., from 
the National Institute of Health. Their derivative, disulfanilamido, produced 
polyneuritis when used clinically. Bctnrning to experimental conditions, they 
have found that this drug, and also sulfanilamide itself, commonly produces 
symptoms of polyneuritis and neuromuscular paralysis when administered daily 
for a period of a week to ten days to rabbits and cliicken.s. On the other hand, 
with a sulfo-xylate derivative of sulfanilamide, no such symptoms were noted. 
Several other investigators have also noted symptoms of peripheral neuritis in 
experimental animals receiving repeated daily dose.s of sulfamlanude. 
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The fourth and last question considered was the mechanism of action of sulfa- 
nilamide. Studies to date have been concerned largelj' with the action of the drug 
against the l)Cta hemolytic streptococcus. Its chief mode of action on this or- 
ganism is believed to be one of bacteriostasis. A bactericidal action also can 
be obtained in vitro, but no evidence of this action has so far been noted in 
vivo. Other factors mentioned were the question of the drug combining with 
bacterial toxins, phagocytosis, and the possibility of the drug combining with 
(ho proteins of the body of the bacteria. It was also the opinion of a number 
of investigators that the natural resistance of the patient was a factor of con- 
siderable importance. In the final analysis, no definite conclusions could be 
dr.awn, because oven in many patients treated, and to all intents and purposes 
cured, the beta hemolytic streptococcus persists for at least a number of days 
thereafter. 

A number of interesting papers relating to general anesthesia were reported. 
Dr. M. H. Seevers, Dr. W. H. Cassels, and Dr. T. J. Becker, Madison, Wis., from 
tho University of Wisconsin have been studying the problem of "ether con- 
vulsions" in rats and dogs. They considered the following factors: the anesthetic 
itself, pyrexia, and CO. retention. The anesthetic alone produced muscle twitch- 
ings in a single instance. P^Texia alone produced no symptoms. Concentrations 
of CO. alone, especially above 20 per cent, elicited muscle twitchings more com- 
monly. When these three factors were combined, muscular twitchings and con- 
vulsions occurred in more than 60 per cent of the animals. The convulsions, more- 
over, wore frequently followed by death of the animals. Similar results were ob- 
tained in rabbits and dogs with the usual anesthetic concentrations of cyclopro- 
pane. Whore the fundamental causes of these convulsions are unknown, they sus- 
pect that one of the chief factors is a lowering of blood pH, which is exaggerated 
by or associated with fever and rebreathing of CO., for a sufficient intake of 
oxygen will not prevent tho convulsions. 

Dr. B. H. Bobbins, Dr. J. H. Baxter, Jr., and Dr. 0. G. Pitzhugh, Nashville, 
Tcnn., from Vanderljilt University, reported upon a study of the blood concentra- 
tion of cyclopropane, in dogs, necessary to produce general anesthesia after pre- 
medication with morphine, sodium barbital and sodium amytal. The follorving 
table obtained from one of their slides illustrates the results they have obtained: 


CYCIXtPnOl’ANE IN MG. PER 100 C.C. BROOD NECESSARY 
TO PRODUCE 


l>r.UG USKP FOR PREMEDICA- 
TlOK AKli BOSE 

IK MG. rr.R. IvG. 

A 

ABOUTIOK or 
ABDOMIKAIi 
REFLEXES 
(mg.) 

B 

ABOLITION OF 

LH) 

REFLEX 

(MG.) 

0 

OCCURRENCE OF 
INTERCOSTAL 
PARALYSIS 
(MG.) 

B 

OCCURRENCE 
OF RESPIRA- 
TORY arrest 
(MQ.) 

None 

16.S 

20.0 

25.5 

2S.0 

Morplune, 2 mg. 

S.7 

15.1 

25.0 

29.9 

Morphine, 5 mg. 

0.0 

12.4 

21.1 

2S.5 

Sodium barbital, 150 mg. 

5.0 

lO.-l 

18.7 

24.1 

Sodium amytal, 15 mg. 

5.0 

6.9 

17.0 

25,2 


It can Ix! seen tliat the three drugs used for premedication all greatly lower tlie blood 
Concentration of cyclopropane necessary to produce general .anesthesia (second, 
third, nnd fourth pianos of Stage .3), without greatly lowering the amount neccs- 
.'iiry for respiratory arrest. This evidence of increased safety is of great prnc- 
ticnl importance. 
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Dr, B. M. Waters, Dr. J. H. Bennett, and Dr. M. D. Leigh, Madison, Wis., from 
the University of Wisconsin, have atndied the effect of combining atropine or 
scopolamine with morpliinc as a premedieation for general anesthesia. Both 
alkaloids counteract, slightly, the mild depression of therapeutic doses of morphine 
on respiration. In addition, scopolamine seems to produce a more offoctive con- 
trol of the morphine nausea. They believe that the optimum mixture is morphine 
25 parts plus scopolamine 1 part (morphine sulfate 1/4 gr., and scopolamine 
hydrobromido 1/100 gr.) and that their maximum action is produced about one 
and one-half hours after hj'podormie administration. This means, therefore, that 
for premedication, the drugs should be given from one to one and one-half hours 
before the general anesthetic. 



Book Reviews 


Texfbook of Experimental Surgery. By J. Markovritz. Pp. 527, ivith 330 illustra- 
tions. Baltimore, 1937, IVm. Wood and Company. $7. 

With the exception of a few facetious remarks which are of doubtful value in any 
scientific textbook, this work has been well done. The author has emphasized the 
physiologic aspects of surgery. He has also noted many advances in surgery which 
have developed through animal experimentation. Various procedures which have 
developed in the laboratory of surgical experimentation have been well described, 
some of which are now almost classical. The technique of operations upon 
animals has been thoroughly discussed and its relationship to human surgery con- 
sidered. The entire book fills a very valuable place in surgery and should be in 
every laboratory of experimental surgerj'. It should be particularly valuable as a 
text for beginners in experimental work when any type of animal surgery is con- 
templated. It is an excellent book of its kind and favorably recommended. 


Post-Graduate Surgery, Volume HI. Edited by Rodney Maingot. Cloth. Pp. 
5,584, with 1,015 illustrations. New York, 1937, D. Appleton-Century Company 
(printed in Great Britain) . Three volumes sold only as set at §45. 


The final huge tome (Volume III) of Post-Graduate Surgery, edited by Rodney 
Maingot, contains material upon a variety of topics. In sequence, the following con- 
stitute the subiect matter of this book: medical aspects of surgery, hernia, plastic, 
obstetric, and cardiovascular surgery; lymphatic system, orthopedics, eye, ear, nose, 
endoscopic methods in surgery, malignant tumors of the pharynx and lar3-nx, tonsils 
and adenoids, and retropharj-ngcal abscess, tongue, mouth and lips, esophagus and 
diaphragm, mandible, teeth, venereal disease, phj-sical medicine, deep x-ray therap.v, 
some aspects of general surgcr.v, and finally some neurological and psychiatric aspects 
of surgery. 

The sections ou hernia by Ogilvic, on plastic surgery by Kilner, and on cardio- 
1 oscular surgori' bj' Cokkinis in which the operative procedure of Beck for coronarv 
sclerosis is reviewed, the chapter by Sampson-Handlc on the dissemination of malig- 
nant disease, and the sections on malignant tumors of the plmr_vnx and larvnx bv 
Collcdge, on tongue, mouth and lips by Cade, and that of O's'haughncssv on the 
csophapis and diaphragm arc easily among the better portions of the book and con- 
tain the newest and most authoritative expressions available upon these subjects. A 
brief but interesting and useful chapter is that of Manson-B.ahr concerning 
elephantiasis. Medical opinion has apparently reversed it.sclf upon the role of filaria 
in the occurrence of elephantiasis. A decade ago it was stated frequcntlv that 
elephantiasis occurred only in the eour.se of filariasis when .streptococcal infection 
supervened. The experiment.s of Drinker and Field which indicate the .susceplibilifv 
of lymphcdematous tissues to infeeiion lend increased credence to the original belief 
tluil tlio f»luri:i tin* lympU Vfsjiol*:. 


Thn rlinpforH on lyniplt 
pour to contniii stmio inuiivo.'j'.jirv 


nml llu-ir by tbo pflitor* Mninpot, np- 

fliiplir.'tlioiiji of ofTort. Maingot onii*iinpi7c.« the 
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importance of surgery in the treatment of tuberculous lymph notles, n practice winch 
loll almost into disuse while roentgen treatment had its inning. The inclusion of 
chapters totaling almost three hundred pages on the eye, car, and nose would indicate 
that the volume was probably intended for the general practitioner who doc.s some 
surgci^. I'or in this country, at any rate, the genera! surgeon rarely, if ever, 
meanders into these provinces of the surgical specialists. Many sections of the 
book have ainjtlo lists of excellent rcforcnecs which enhance the value of the work 
to those who seek more information upon the subjects under discussion. A detailed 
indc.\- facilitates access to the somewhat unrelated subject matter of the volume. 

Books servo a variety of purpo.ses. The greatest worth of this volume would 
seem to bo as a ready reference manual to a great variety of subjects. The genera! 
surgeon will meet in it some authors who have made their reputations and others 
who have theirs still to make. However useful the volume may bo in our day, it 
would take a venturesome prophet to predict that it will be read as long as Dennis ’, 
V. Bergman s, or Keen’s sy.stems of surgery, which serve many yet as important 
sources of helpful reference. 


Praktikum- 4er Chirurgie. By Professor O. Nordmann. Ed. 4. Paper. Pp. 811, 

with 409 illustrations. Berlin, 1938, Urban & Schwarzenberg. 25 E.M. 

The purpose of the author in writing this text on the practice of surgery is to 
reach essentially the general practitioner wlio must know what surgery can offer 
a patient, even though ho does not undertake performance of operation. The whole 
range of surgery is discussed in this volume exclusive of the eye and car and 
gjneeologia, surgery. The clinical jiicturc of disease entities is described with onro 
and in detail,. The indications for operation are discussed ns well as choice of proce- 
dure. The technique of the more commonly performed operations is described briefly 
in a special section. 

~ The author expresses, in the main, a rather conservative attitude concerning the 
management of most surgical disorders. The strcngtli of tlio text lies in the extensive 
clinical and operative o.xpcrience of the author; its chief weakness in that it is 
written by a single author, whose interest and experience of necessity cannot extend 
equally into all the manifold ramifications of surgery. The insertion of pertinent 
bibliographic references would have enhanced the value of the text. The arrange- 
ment of the subject matter could have been greatly improved upon by inserting de- 
scriptions of the operative procedure under their proper captions instead of adding 
tlieni as an appendix to the text. 

The author of this manual of surgery is obviously a thoughtful, critical, and 
practical man of large experience in the broad field of general surgery whose opinions 
concerning the management of surgical disorders merit justly the attention of the 
audience to which the book is especially directed. 


Innere Sekretion und Ckinirgie. By Hans Haukc. Pp. 320, with IS illustratioms. 
Berlin, 1937, Julius Springer, 23M. 

TUs book by Hanke is an attempt to present the Burgmal aspects of 
of internal secretion. There is presented in considerable detad a sunej J 
knowledge with respect to thc-physiologj^ of these glands, a “f '“"/f ‘ 

tomatologj^ and pathogenesis of syndromes attribubab e to deficient and ™ 
tion, and a discussion of the possibilities f 

discussion is reasonably complete and the analysis critical and m lino inth 

tire opinion. 
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The first third of the hook deals rvith the phj'siologj' and pathologj- of the thyroid 
gland, and there follows in order a similar discussion of the parathyroids, thymus, 
islets of Langerhans of the pancreas, the adrenals, hj-pophysis, and the sex glands. 

The undertaking is ambitious, and it is probable that no one man is competent to 
present an up-to-date analysis of the vast amount of work that is being done in the 
field of endocrinology. There are numerous references to the literature, and the 
German contributions to this field are fairly well summarized. American contribu- 
tions have received relatively slight attention. This is unfortunate since most of 
tlie significant contributions in the field of endocrinologv' in recent years have come 
from American laboratories. 

The printing is excellent, but the paper binding detracts somewhat from the 
appearance and usefulness of the volume. 


Chemistry of the Brain. By Irvine H. Page. Pp. 444. Springfield, 111., 1937, 
Charles G. Thomas, Publisher. 

At a time when interest in problems pertaining to diseases of the nervous system 
is being revived on a broad scale, this book is a particularly welcome addition to 
tlie much too meager literature on the subject. In his comprehensive review the 
author, himself an active investigator in the field, has brought together pertinent 
data from widely scattered sources. Contrary to what might be expected from the 
title, the book is not a mere compilation of facts concerning the chemical composi- 
tion of the brain, but treats the subject also from the broad biochemical and 
pliysiologic viewpoints. The material has been so well selected and appraised that 
it will serve as a useful reference for any worker requiring orientation in the field 
of brain metabolism, both in health and in disease. 

The first chapter of the book is appropriately devoted to the life and works of 
Thudichum (1S2S-1901), “father of brain chemistn.-,” and the older literature 
on analysis of the brain. Chapters then follow on each of the major chemical 
constituents of nervous tissue. Because of their unique prominence in such tissue, 
the lipids are given first place, in spite of the fact that little is definitely known 
regarding their specific physiologic roles. Separate chapters are devoted to the 
sterols, the phosphatidcs, and the fatty acids. The ccrebrosides are treated briefly 
in a special chapter. A much more extensive discussion of the carbohydrates of the 
lirain and their intermediarj- metabolism is then presented. This is an especially 
valuable chapter because it touches upon many of the most vital problems of 
cerebral metabolism in health and disease. Discussion of the nitrogenous metabolism 
of the brain is confined to a consideration of those phases of the general subject of 
protein metabolism which are specially applicable to nervous tissue. Wliile such 
nitrogenous metabolites as creatine, creatinine, choline, phosphagen, glutathione, 
and certain of the amino acids are undoubtedly of great importance in brain ac- 
tivity, it is pointed out that our knowledge of their exact significance is verv meaner. 
The physiologic and clinical significance of the electrolyte and gaseous metabolism 
of the brain is reviewed very thoroughly. The water metabolism of the brain is con- 
sidered in a spceinl chapter on physical and colloidal chemistrv. Such topic.s as 
those ]iertaining to brain edema, water intoxication, epilepsy, and narco.sis arc in- 
cluded. In a chapter nn the, enzymes of the brain the author summarizc.s literature 
concerning variations in their content and activity in he.nlth and in certain di.=cases 
of the central nervous system. 

Valnahle miseellanenns data are a.«scmbled under the heading of oomparative 
and developmental nenrochemistry. Variations in the composition of hrain tissue 
with age appear to have important clinical implications. The chapter on pathologic 
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gaseous metabolism and that on degeneration of tlie nervous system, as related to 
disturbances in nutrition, are of particular interest from the clinical point of vie^Y. 
Supplementing Iiis o\vn abbreviated discussions of brain metabolism in connection 
with the various topics already referred to, the author appends a special chapter by 
Quastel on oxidations in the brain. Data contained therein are very fundamental 
and are of great significance to brain physiology and pathology. The final chapter 
of the book is given over to a brief, philosophical discussion of “the brain and 
thought.” Psychologists and philosophers may wish that this aspect of the subject 
could have been expanded, but the autlior wisely avoided treading where the “ice is 
too thin.” 


The Cerebrospinal Fluid. By H. Houston Merritt and Frank Fremont Smith. Pp. 

333, with 17 illustrations. Philadelphia, 1937, IV. B. Saunders Company, $5. 

This is a book of over three hundred pages, based upon the study of some 
20,000 cerebrospinal fluid specimens examined at the cerebrospinal fluid laboratory 
of the Neurological Unit of the Boston City Hospital and at the laboratory of Dr. 
James B. Ayer at the Massachusetts General Hospital. In addition, it contains a 
liberal number of references to the findings of other writers. The authors have 
taken pains to analyze the fluid findings only in those of their cases in which the 
diagnosis was well substantiated. 

Short chapters are devoted to anatomy and physiology, technique, roentgenography, 
and methods of examination. Detailed consideration is given to chemistry and 
pathologic physiology and to the cerebrospinal sjmdromes in infections and diseases 
of the nervous system. The bibliography is extensive and a useful table is appended 
for the comparison of characteristic fluid findings in various conditions. 

This is a well-written compilation, useful to the clinician and laboratory worker 
as a ready reference, rather than a presentation of new or particularly original 
material. 
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Disease, biliary, symposium on, S05-S92 
Diseases of the nervous system in in- 
fancy, childhood and adoles- 
cence, 479 (B. Eev.) 
surgical, of liver and biliary tract, 
roentgen diagnosis of (Pender- 
grass and Chamberlin), 840 
Dislocation, posterior, of first cervical 
vertebra with fracture of odon- 
toid process (Ecich), 416 
of shoulder, treatment of (Milch), 7.32 
Distal colon, defunctioned, operation on 
(Devine), 165 

Diverticulum, Meckel’s (Pemberton and 
Stalker), 563 

Drip transfusion, continuous (DeBakey), 
914 (F) 

Duodenal ulcer, complicated, surgical 
treatment of (Wolfson and 
Eothenberg), 663 

Duodenum, acute ulcer of, as complica- 
tion of burns (Harkins), 60S 

E 

Elbow joint, resection of (Davidson and 
Horwitz), 226 

Elements of orthopaedic surgerv, 643 
(B. Eev.) 

Empyema cavities, chronic, use of mus- 
cle flaps in closure of (Carter), 
506 

Extnifa.'jcial apicolysis (Gemb) (Gale 
and Midolfart), 231 
Extrahepatic biliary tract as functional 
unit (Boyden), 260 (JC) 
Extravasation, urethral, urinary (Ocker- 
blad and Carlson), 391 

F 

Fascia, renal, surgical treatment of 
diaphrapnatic hernia in in- 
fants with use of (Wcinbcrgl, 
78 

Fat tian.-iplants, free. ex)>eriment:il study 
of liehavior of ( Gurney 1. 679 
Feealith. ealeified, in ajipendix (Sliel- 
ley), 658 
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PliipSj inuBclCj \iPc ofj in closure of 
chronic empyema cavities (Car- 
ter), 50G 

h racturc of odontoid process, posterior 
, dislocation of first cervical ror- 
tebra with (Beich), 416 

Frei antigen, diluted, intradermally, 
treatment of lymphopathia ve- 
nereum witii (Anderson and 
Hnnnos), 41 

French Congress of Surgery, forty-sixth, 
Oct, 4-fl, 1037, Paris, review of 
(Jung), 300 

Function, biliary, recent advances in our 
knowledge of (Bavdin), !'12 

. 

hepatic, elfcet of anesthesia on (Cole- 
man), 87 


G 

Gall-bladder incision, anatomy of (Bat- 
son), S7I 

Ga.strectomy, partial, in treatment of 
peptic ulcer (Connell), 096 

Ga.sfroinfestinal tract, perforation.s of, 
pneumoperitoneum in (Paine 
and Bigler), 351 

Genital abnormnlities, hermaphroditism 
and related genital abnormali- 
ties, 479 (B. Bov.) 

Graduate training in surgery, opportuni- 
ties for (Cutler), 424 (F) 

Graft, osteoperiosteal, to pectineal line 
of pubis, repair of direct in- 
guinal liernia by (Veal and 
Baker), 5S5 

Gramilonia inguinale of uterus, tubes, 
and ovai-ics (Fund and Got- 
chcr), 34 

venereum of uterus, tubes, and ovaries 
(Fund and Gotcher), 34 

H 

Healing, wound, effect of carbon arc 
radiation on (Sweeney), 127 

Hemangioma, diffuse, cavernous, of rec- 
tum (Buie and Nesseirod), 379 
and its treatment (Peyton and Loven), 
702 

Hematemesis accompanied by pyloric ob- 
struction, importance of (Bas- 
sler), 56S 

Hepatic function, effect of anesthesia on 
(Coleman), S7 

Hernia, diaplvragmatic, in infants; sur- 
gical treatment with use of 
renal fascia (Weinberg), 7S 
direct inguinal, repair of, by osteo- 
periosteal graft to pectineal 
line of pubis (Veal and Baker). 
5S5 

rifflit rctromesocolic 

Hormonal basis of etiologj- and treat- 
ment of prostatic hypertropliv | 
(Eea), 13S ' 


Hypertension associated witli renal 
ischemia, experimental attempt.^ 
to prevent or abolish (Lew and 
Blalock), S09 

Hypertrophy, prostatic, hormonal basis 
of etiologj- and treatment of 
(Hea), 138 

Hypospadias, operative treatment of 
(Creevy), 719 

I 

Incisions, gall-bladder, anatomy of (Bat- 
son), .871 

Infection, abdominal wall susceptibility 
to (Ochsner), 7S.3 (F) 
acute pyogenic, of skin and subcutane- 
ous tissues, experimental study 
of effects of x-radiation upon 
(Soto, Brunschwig, and 
Sehhitz), 593 

Inguinal hernia, direct, repair of, by 
osteoperiosteal graft to pec- 
tineal line of pubis (Veal and 
Baker), 585 

Injection and high ligation, end-results 
of, in treatment of varicose 
veins (Faxon and Barrow), 518 

ligation, and stripping, treatment of 
varicose veins bv (Horgan), 
528 

Inncrc Sekretion und Cliirurgie, 958 (B 
Bev.) 

International Congress of Eadiology, 
fifth, report of meeting of, 
Chic.ago, 111. (Bigler), 157 

Intestinal contents, fluid, effect of vola- 
tile base in, on dogs witli low 
intestinal obstruction (Hibbard 
and Kremen), 325 

obstruction, acute; I. role of bacteria 
in closed jejunal loops (Haerom, 
Hack, and Wilson), 333 
II. permeability of obstructed 
bowel segments of dogs to CU 
hotiiKniim (Haerom, H.ack, and 
Hragstedt), 339 

Ion-, effect of volatile base in fluid 
intestinal contents on dogs witli 
(Hibbard and Kremen), 325 
Intestine, ligation and refrigeration of 
(Allen), .893 

Infants, diaphragmatic hernia in; sur- 
gical treatment of, witli use of 
renal fascia (Weinberg), 7b 
Ischemia, renal, expcrinient.'il .attempb- 
to prevent or abolish hyperten- 
sion associated witii (Levy and 
Blalock), 899 


.1 

:e, obstructive, experimentally 
produced, peptie nlcer.s follow- 
ing tHebert), .370 
■operative .and postoperative treat 
ment in cases of (.Tolinsfon), 
S75 
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Jejunal loops, closed, xole of bacteria 
in, in acute intestinal obstruc- 
tion (Haerem, Dack, and Wil- 
son), 333 

Jejunum, carcinoma of (Kem), 556 

Joint, elbow, resection of (Davidson and 
Horwitz), 226 

knee, treatment of injuries to liga- 
ments of (Horwitz and David- 
son), 407 

Judgment, is it necessaril}’ inarticulate? 
(Lehman), 427 (H) 

K 

Kidney, trauma of, renal function and 
structure following (Powers), 
397 

Knee joint, treatment of injuries to liga- 
ments of (Horndtz and David- 
son), 407 

L 

Laboratory diagnosis of syphilis, 802 
(B. Kev.) 

Legal medicine and toxicolog}’, SOI (B. 
Eev.) 

Lehrbuch der Kriegs Chirurgie, SOI (B. 
Eev.) 

Les methodes chirurgicalcs de traitement 
de I’anginc de poitrine. Evolu- 
tion ot rcsultats, 799 (B. Eev.) 

Lesions, benign obstructing, of biliary 
tract, personal experiences in 
treatment of (Walters), 8S4 
of biliary tract, treatment of, recent 
advances in (Walters), 7S0 

Levine tube, method of constant suction 
applied to (Welch), 093 

Ligaments of knee joint, treatment of 
injuries to (Horwitz and David- 
son), 407 

Ligation, high, and injection, end-results 
of, in treatment of varicose 
veins (Faxon and Barrow), 51S 
and refrigeration of intestine (Allen), 
S93 

stripping, and injection, treatment of 
varicose veins bv (Ilorgan), 
528 

Liver, applied pliysiologj' of (Crandall, 
.ir., and Ivy), S15 

and biliary tract, surgical diseases of, 
roentgen diagnosis of (Pender- 
grass and Chamberlin), S40 
peritonitis, cause of death in (Martin 
and Trusler), 58 

role of, in thvrotoxicosis (Bartlett, 
.Tr.), 2m’ (IC) 

liOnjis. elose<l jejunal, role of bacteri- 
ology in, in aoite intestinal ob- 
struction (Haerem. Dack, and 
Wilsonj, 333 

T.ymphopathia venereum, treatment with 
diluted Fret antigen intra- 
dermally and olwervations on 
diagnosis ( Anderson and 
Harmos), 41 


M 

Male, cancer of breast in (Sarnoff), 766 
Mammary tumors (Geschickter), 916 
Mauck operation, evaluation of, treat- 
ment of injuries to ligaments 
of knee joint (Horwitz and 
Davidson), 407 

Meckel’s diverticulum (Pemberton and 
Stalker), 563 

Mediastinum, movements of, model to 
illustrate (Eloesser and Free- 
man), 774 

Megacolon und Megacystis, 644 (B. 

Eev.) 

Metastases, bone, from carcinoma of 
stomach (Lawton), 121 
Mortality following operation for com- 
mon duct obstruction, effect of 
recent advances in biliary physi- 
ology on (Eavdin, Ehoads, 
Frazier, and Hlin), S05 
Muscle flaps, use of, in closure of chronic 
empyema cavities (Carter), 506 

H 

Xeurology, 4S3 (B. Eev.) 

Noncalculous cholecystitis (Cole), S24 

0 

Obstruction, acute intestinal ; I. r61e of 
'bacteria in closed jejunal loops 
(Haerem, Dack, and Wilson), 
.333 

II. permeability of obstructed 
bowel segments of dogs to Cl. 
hoinUmim (Haerem, Dack, and 
Dragstedt), 339 

common duct, mortality following 
operation for, effect of recent 
advances in biliary physiology 
on (Eavdin, Ehoads, Frazier, 
and Ulin), S05 

low intestinal, effect of volatile base 
in fluid intestinal contents on 
dogs with (Hibbard and Krc- 
mcn), 325 

pyloric, importance of hematemesis 
accompanied by (Bassler), 56S 
Obstructing lesions, benign, of biliary 
tract, personal experiences in 
treatment of (Walters), SS4 
Obstructive jaundice, experimentally pro- 
duced, peptic ulcers following 
(Hebert), 370 

preoperative and postoperative treat- 
ment in eases of t.Tohnston). 
R75 

Odontoid process, fracture of, posterior 
dislocation of first cervical 
vertebra with (Eidclil, 410 
Operation for comiiion duct olistmclion. 

mortality following, effect of 
recent advances in biliary physi- 
ologj- on (llavilin. Ehoads, 
Frazier, and I'linl, .805 
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Operation — Cont 'd 

Jlanek, evaluation of, in treatment of 
injuries to ligaments of knee 
joint (Ilorwitz and Davidson), 
407 

Operative surgery, .103 (D. Eev.) 

the ear, air passages and neck, 643 
(B. Rev.) 

Osteodystrophy of imknonn origin (Com- 
pere and Garrison), 203 

Osteomyelitis of scapula (Wilensky), 21 

Osteoperiosteal graft to pectinea'l line 
of pubis, repair of direct 
inguinal liernia by (Veal and 
Baker), 585 

Ovaries, granuloma venereum (granu- 
loma inguinale) of (Bund ami 
Goteher), 34 

P 

Pacific Coast Surgical Association, re- 
view of thirteenth annual meet- 
ing, Los Angeles, Calif., Peb. 
22-25, 1938 (Searls), 950 

Pain, visceral, some experimental ob- 
servations relating to (Moore), 
534 

Patients, diabetic, choice and methods 
of administration of anesthetic 
agents for (Hale and Tovell), 
100 

Pathogenesis of seminoma of testis (Mc- 
Donald, Schlottliaucr, and Boll- 
man), 904 

Pectineal line of pubis, repair of direct 
inguineal hernia by osteoperios- 
teal graft to (Veal and Baker), 
585 

Peptic ulcers following experimentally 
produced obstructive jaundice 
(Hebert), 370 

treatment of, partial gastrectomy 
in (Connell), 090 

Peritonitis, liver, cause of death in 
(Martin and Trusler), 58 
spreading, complicating acute perfora- 
tive appendicitis (Bower, Burns, 
and Jtengle), 045 

Physiolog3-, applied, of liver (Crandall, 
Jr., and Ivy), 815 

biliary, effect of recent advances in, 
on mortality following opera- 
tion for common duct obstruc- 
tion (Bavdin, Ehoads, Prazier, 
and IJlin), 80.5 

Pneumoperitoneum in perforations of 
gastrointestinal tract (Paine 
and Bigler), 351 

Post-graduate surgerj-, vol. Ill, 957 (B. 
Bev.) 

Postmortem examination, 802 (B. Bev.) 

Postoperative and preoperative treat- 
ment in cases of obstructive 
jaundice (Johnston), 875 

Practical proctolog}', 804 (B. Bev.) 

Praktikum der CMrurgie, 03S (B. Per.) 


I’rcopcrativo and postoperative treat- 
ment in cases of obstructive 
jaundice (Johnston), 875 
Prostate, surgery of, proper place of 
transurethral resection in 
_ (Creevy), 779 (E) 

Prostatic hyportrophj-, hormonal basis 
of etiology and treatment of 
(Bea), 138 

Psoas abscess of appendix (McCorklc 
and Stevenson), 574 
Pubis, pectineal line of, repair of direct 
inguinal hernia bj- periosteal 
graft to (Veal and Baker), 585 
Pyogenic infection, acute, of skin and 
subcutaneous tissues, experi- 
mental study of effects of 
x-radiation upon (Soto, Brun- 
schwig, and Schlutz), 593 
P_vloric obstruction, importance of liema- 
temesis accompanied by (Boss- 
ier), 568 

B 


Radiation, carbon arc, effect of, on 
wound healing (Sweeney), 127 
Reconstruction operation for diastasis 
recti (Bush and Bush), 200 
Recti, diastasis, reconstruction opera- 
tion for (Bush and Bush), 200 
Rectovaginal cloaca (Mayo and Butsch), 
421 


Bectum, diffuse, eavernoiis hemangioma 
of (Buie and Nesselrod), 379 

Refrigeration and ligation of intestine 
(Allen), 893 

Renal fascia, surgical treatment of dia- 
phragmatic hernia in infants 
with use of (Weinberg), 78 
function and structure, following 
trauma of kidney (Powers), 
397 

ischemia, experimental attempts to 
prevent or abolisli hj'pertonsion 
associated with (Levy and Bla- 
lock), 899 

Resection of elbow joint (Davidson and 
Horwitz), 226 

transurethral, proper place of, in 
surgery of prostate (Creevy), 


779 (E) 

Respiration, mechanics of, model to il- 
lustrate (Eloesser and Free- 
man), 774 

Retroincsocolic hernia, right (Halport), 


579 . , 

Roentgen diagnosis of surgic.al di.seascs 
of liver and biliary tract (I en- 
dergrass and Chanihcrbn), S-IU 


».? 

I, o.sfeomvelitis of (Wilen.sky), -1 
operative" treatment of, fol owing 
bedsores (Davis), 1 . 

ma of testis, pathogenesis of 
(McDonald, Schlotthaiier, and 

Bollman), 904 
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Sepsis, relation to, acute ulcer o£ duo- 
denum as complication of buims 
(Harkins), GOS 

Sliouldcr, dislocation of, treatment of 
(Milcli), 732 

Sinus tracts and tlreir identification 
(Gage), 605 (jB) 

Skin and subcutaneous tissues, acute 
pyogenic infection of, expeii- 
mental study of effects of 
x-radiation upon (Soto, Brun- 
scliwig, and Schlutz), 593 

Soutliern Surgical Association, review 
of meeting of, Dec. 7-9, 1937, 
Birmingham, Ala. (klaliorner), 
470 

Spina bifida occulta (Buclistain and 
Love), 215 

Stenosis, bronchial, model to illustrate 
mechanics of respiration with 
and without various degrees of 
(Eloesser and Freeman), 774 
of largo bowel due to amebiasis 
(Christopher), 75 

Stomach, carcinoma of, bone metastases 
from (Lawton), 121 

Stripping, ligation, and injection, treat- 
ment of varicose veins by (Hor- 
gan), 52S 

Subcutaneous tissues and skin, acute 
pyogenic infection of, experi- 
mental study of effects of 
x-radiation upon (Soto, Bran- 
scliwig, and Schlutz) , 593 

Suhphrcnic abscess (Gogol), 386 

Suction, constant, method of, applied to 
Levine tube (Welch), 693 

Surgery, opportunities for graduate 
training in (Cutler), 424 {E) 
of prn.state, proper place of trans- 
urethral resection in (Creevy), 
779 (E) 

recent advances in, department of, 33S, 
264, 430, 608, 786, 910 
thoracic, and its present problems, 
some accomplishments of (Gra- 
ham), 485 

Surgical Congress at Gothcnlnirg, June 
28-30, 1937, report of proceed- 
ings of (Rcmb), 149 
diseases of liver and hiliary tract, 
roentgen diagnosis of (Pender- 
grass and Cliamherlin), 840 
treatment, 163 (B. Bev.) 
of eomplieated duodenal ulcer 
(Wolfson and llnthenbergl, 663 
of lesions of biliary tract, recent ad- 
vances in (Waltersl, 7S6 
f^ymposima on i>iliary disease, 805-892 
byiiopsis of ano-reelal diseases, S03 (U. 
Hev.) 

of iVigeslive jVisenses, 161 (11. Ib'v.) 
of goiiito-urinarv diseas<'s, 3g-l (U. 
Itev.) 


T 

Testis, seminoma of, pathogenesis of 
(kIcDonald, Schlotthauer, and 
Bollman), 904 

Textbook of diagnostic roentgenologv, 
481 (B. Eev.) 

of experimental surgery, 957 (B. Rev.) 

Therapeutic problem in bowel obstruc- 
tion, 480 (B. Eev.) 

Thoracic surgery and its present prob- 
lems, some accomplishments of 
(Graham), 485 

Thyrotoxicosis, role of liver in (Bartlett, 
Jr.), 261 (E) 

Tissues, subcutaneous, and skin, acute 
pyogenic infections of, experi- 
mental study of effects of 
x-radiation upon (Soto, Brun- 
scliwig, and Schultz), 593 

Toxin, Cl. Votnlhum, permeability of ob- 
structed bowel segments of dogs 
to (Haerem, Back, and Brag- 
stedt), 339 

Tract, biliarj-, benign obstructing lesions 
of, personal experience.s in 
treatment in (Walters), 884 
cxtrahepatic, ns functional unit 
(Boyden), 260 (E) 
recent advances in surgical treat- 
ment of lesions of (Walters), 
786 

gastrointestinal, pneumoperitoneum in 
perforations of (Paine and Eig- 
ler), 351 

sinus, and their identification (Gage), 
605 (E) 

Training, graduate, in surgery, opportu- 
nities for (Cutler), 424 (E) 

Traitemcnt chirurgical dii cancer du 
colon polvien, 322 (B. Eev.) 

Transfusion, “canned” blood (Be- 
Bakey), 136 (E) 

continuous drip (BeBakcy), 914 (E) 

Trnnsplant.s, free fat, experimental study 
of behavior of (Gurney), 679 

Tr.ansnrcfhral resection, proper plnce of, 
in surgerv- of prostate (Creevv), 
779 (E)' 

Trauma of kidney, renal function am! 

structure following (Powers), 
.397 

Treatment of henign obstructing !p.«i<ms 
of biliary tract, personal experi- 
ences in (Walters), SS4 

preoperntivo and postoperative, in 
eases of obstructive jaundice 
(Johnston), 875 

Tubes, granuloma venereum (gvannloma 
inguinale) of < P ii a d a n d 
Goteber), .34 

Levine, metliod of constant suction ap- 
plied to tWeleh), 693 

Tumors, mammary f (Jesehiekler), 916 

of tlio nervous system, .323 (B. Eev.) 
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T he value of an anesthetic agent is measured by its performance. 
Ninety years of use have shown that no other anesthetic agent surpasses ether 
from the standpoint of safety, controllability, adaptability, and muscular 
relaxation. Thus ether has become the standard anesthetic agent — the one 
by whicli other agents are judged. 

In 1853, Dr. E. R. Squibb pioneered in the production of pure anesthetic 
ether by originating the continuous distillation process. Today the produc- 
tion of Squibb Ether is mechanically controlled by unerring, sensitive auto- 
matic gauges. It is the only ether packaged in patented, copper-lined con- 
tainers to prevent the formation of undesirable toxic substances. 

Tlie fact that Squibb Ether is used in over 85 per cent of American hos- 
pitals and in millions of c.ases every year is an indication that surgeons and 
anesthetists — men who measure anesthetic agents in terms of performance 
— have confidence in its purity, potcnc}', and safety. 

For Ulcralnre address the Anesthetic Ueparttnent 
E. R. Squibb & Sons, 7-i3 Fijth Avenue, New York 
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Editorial Cominunications 


Orlslnal Communications.— This Journal Invites concise original articles of new 
matter in the broad field of clinical and experimental surgery. Descriptions of new 
technics and methods are ivelcomed. Articles are accepted for publication with the 
understanding that they are contributed solely to SURGERY. 


Manuscripts submitted for publication may be sent to Dr. Alton Oehaner. 1430 
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free of cost to the author, but special arrangements must be made with the editors 
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H. Wangensteen, University Hospitals, Minneapolis, Minn. 


Keprlnts.— Reprints of articles published among “Original CoramunlMOons ludst 
be ordered directly through the publishers. The C. V. Mosby Co., 3o23 Bine Blvd,, 
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COOK COUNTY 

GRADUATE SCHOOL of MEDICINE 

(IN AFFILIATION WITH COOK COUNTY HOSPITAL) 

Incorporated not for profit 


Annoiinces contimtoits courses 


MEDICINE — ^Two Weeks Intensive Course 
starting June 20th. Electrocardiog- 
raphy everj- month. Special Courses 
during August. 

Surgery — G eneral Courses One, T'vo. 
Three and Six Months; Two Weeks In- 
tensive Course in Surgical Technique 
with pi'actice on living tissue; Clinical 
Course; Special Course.^. Courses start 
every Monday. 

GYNECOLOGY — Personal Courses June 
ISth, August 22nd. Gynecological Pa- 
thology by Dr. Schiller starting July 
Hath. Two tVeeks Course starting Oc- 
tober 10th. 


OBSTETRICS — Two Weeks Intensive 
Course starting October 2tth. Informal 
Cour.se starting ever)- week. 

FR.YCTURBS & TRAUM.-VTIC SURGERY 
— Informal Course ; Intensive Formal 
Course starting October lOth. 

UROLOGY’ — One Month Course; Two 
Weeks Course starting every two weeks. 

CYSTOSCOPY~Ten Day Practical Course 
rotary every two weeks. 

GBNER.\L. INTENSIVE AND SPECIAL 
COURSES IN ALL BRANCHES OF 
MEDICINE, SURGERY AND THE 
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the parathyroids 
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By DAVID H. SHELLING. B.Sc., :M.D„ 
The Johns Hopkins tlniversltj* and Hos- 
pUal, Baltlinore, 32S pages, 20 lUuslra- 
ttons. ratCE. sn.oo. 

Buring the past few decades, the parathyroid* have 
auiacted the attention of a conitanlly increasing 
numhet of investigators, many of svhom liave sought 
lo Jiiidy the (unction and dysfunction of these 
Handulei from difTerent, but yet related, sland- 
roimi. Ttie icattercd information from these in- 
vniirnots—physioloKists, cliem'nts. pathologisn and 
rlinictini— has been molded together in this homop- 
fJ.Q'j* s^hole. The boot deals with the various 
r s'fr of t!ie subject as fully at possible for the 
■'otfit cl inveitiRator and ibc clinician. 

' etplaint ihe normal and abnormal phenomena 
atffvittej with parithyioU secretions, or lack of 
‘^ffction, In tetmt of known laws of physics and 
c..emutry, ami supplements morphologic patlioloRT 
patholcric rhytiolocY. Thr C. V. .Uot*y Co.. 

St. loiiit. 
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Essentials of 

Obstetrical and Gynecological Pathology 
with Clinical Correlation 


Professor of Gynecology, Western 


3S7 pages, 6/ x 10, with 14S iJhistrations. 
Price, cloth, $t.75. 


From the Preface 

F or soine years at tlie Western Reserve University we liat'e found good 
pictures, properly grouped and displayed, of value in the teaching of 
obstetric and gynecologic pathology. Because of technical difficulties con- 
nected witli repeated demonstrations of pictures, it occurred to us that they 
should be incorporated into a manual for easier use. Tlierefore, these 
pictures are brought together ivitli a few paragraphs of te-vt relative to the 
topics •which they illustrate. The text includes, so far as possible, only 
tliose essentials which the student in an already crowded curriculum may 
be expected to grasp, or what the average clinical gynecologist or obstetri- 
cian may be e.xpeeted easily to retain in mind. 

The plan is to picture and discuss briefly from a clinical point of view the 
normal histology and common or important pathology of structures from 
the lower genital tract upward. This book is in no sense to be considered 
a complete atlas of pictures or the discussion exhaustive. In both pictures 
and test, we have followed fairly closely the elementary material prcisented 
each year in our students’ course. In general, this is the common rontine 
pathologic material as it is seen in the laboratory. 

By keeping the text simple and the pictures those of normal histology and 
commonly seen pathology, we hope the manual may be particularly help- 
ful to the student beginning his acquaintance with (he special pathology 
of this field, and to the clinician who, for any reason, maj' want to review 
the essential histopathology of his specialty. 


THE C. V. JIOSBY COJIFANY 
3535 Pine Blvd., St. Eouls, Mo. 

GenUemen : Send me the new book by Bouglass * Fmdkrpr on "Essentials of Ob.stetrlral 
and Gynecolog-ieal Pathology.” Pnee, ?4.7o. 

Dr. 


Address 
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Send for This Amazing Book On Approval 


Genital Abnormalities, Hermaphroditism 
and Related Adrenal Diseases 

IIj- HUGH HAStl'TOX yOCXG, Jr.IJ., Sc.H.. F.K.C.S.T., H.S.Jr., Professor of Vrology. Johns 
no))Wns UnUersUy: Visiting Urologist, Brady Urological Institute, Johns Hopkins Hospital. 
Buckram, 7 X 10 , 090 pngc-s, 534 original drawings by U'iHiam P. Dlduscli, $10.00. 

Head the excerpts from reviews below and you will be convinced tbat this unique boob 
by the worlO-f.'iinoiis urologist is sometliing you must at least see and probably own and 
treasure as a monumental masterpiece of the literature of your profession, giving you 
taiuablc information your patients expect you to possess. Among the 55 cases presented 
and so marvellously illustrated arc to be found some of the most extraordinary cases of 
embryologic dysfunction ever a.ssemblcd. .-1 new /lehl of adrenat and genital 'siirgcr>j is 
revealed. ^ Kot only urologists and genera! surgeons but all physicians proud of their pro- 
fession will follow with keenest interc.st the complicated problems presented, and every step 
showing the devising and carrying out of a great variety of original surgical procedures. 
11 hether you expect to handle such ca.scs or not be sure to sec this absorbing book. Bead 
the reviews then .send for a copy for five days’ examination with easy terms. 
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Doctor, you must know 

PHYSIOLOGIC function/ 

If you are to practice medicine or surgery successfully you must know the physiological 
function of bodily organs. Unless you have this knowledge you are groping in the dark 
—you are seeking to get results in a hit or miss fashion. You must be able to translate 
disease in terms of disturbed physiologic function and to base treatment, medical or sur- 
gical, upon the restoration of function to organs diseased. 

The attention of the entire medical and surgical profession should be focused on the new 
physiology pictured and described on this page — the book that is the pioneer in the field 
of clinical physiology. A new edition of this famous work has just been published under 
the editorship of Dr. Philip Bard, Professor of Physiology, Johns Hopkins University. He 
called to his assistance in ftis revision outstanding colleagues from the University of 
Pennsylvania, Yale University, Columbia University, Harvard Medical School, and the 
University of California. 

Brand new — and balanced in its discussion of pure physiology in its relation to clinical 
medicine and surgery — this work is a masterful revision of the pioneer book in clinical 
physiology. 


BRAND NEW 

Little of the Seveiitli Edi- 
tion remains. The greater 
part of the book has been 
entirely rewritten. Each 
major subdivision is the 
work of a writer who is ac- 
tively engaged in the study 
of some phase of the sub- 
ject he treats. Tlie ever in- 
creasing bulk of original lit- 
erature in physiology has 
made It most cliflioult for 
one. or even two or tliree, 
individuals to present in ade- 
quate fashion the facts and 
conceptions which should be 
made available to students 
and practitioners of medi- 
cine, Further, the treat- 
ment of each subject by one 
who has personally launched 
an experimental attack in 
some sector of that general 
field is likely to result in 
the placing of stress on ac- 
tual experimental evidence. 
This will tend to stimulate 
the reader to weigh the evi- 
dence and to achieve an un- 
derstanding by the selection 
and coordination of signifi- 
cant facts. 


COLLABORATORS 

With tile Collaboration of 
Henry C. Bazett, Professor 
of Pliysiolog}', University of 
Pennsylvania : G o o r g o R. 
Cowgili, Associate Professor 
of Pliysiological Cliemistiy, 
Talc University School of 
Jlcdicine ; Harry Eagle. 
Pa.ssed Assistant Surgeon, 
United States Public Health 
Service and Liecturor in 
Medicine, J o ii n s Hopkins 
University Scliool of Medi- 
cine; Chalmers L. Gcmmlll, 
Associate i n Pliysiology, 
Johns Hopkins University 
Scliool of Medicine; Magnus 
I. Gregersen, Professor of 
Pliysiology. College of Pliy- 
siclans and Surgeons, Co- 
lumbia University; Roy G. 
Hoskins. Director of Re- 
search. Memorial Founda- 
t i 0 n for Neuro-Eniiocrinc 
Researcli: Research Associ- 
ate in Physiology, Hatvanl 
Medical School; J. M- D- 
Olmsted. Professor of Pliy.’i- 
ology, University of Califor- 
nia .and Carl F. Scliniidt. 
Professor of Pliarmacology, 
University of Penn3ylv.anla. 


Xew 8(li Edition. Edited hr 
PHILIP I. BAHD, Professor of 
Physiology, Johns Hopkins Uni- 
versity School of Medicine. 

1051 Pages. S55 llIiistmtlonB. 
Price, $8.50. 
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Viscosity is an important physical property of vaginal jellies. It 
should be uniform and fixed within a desirable range. The %'is- 
cosity of Ortho-Gynol is determined bj' a dart penetrometer at 
40° C. At this temperature the desirable range was found to be 
58-62 mm. This viscosity range is maintained, with average de- 
termination approximating 60 mm. 

Ortho-Gjmol is recommended and prescribed regularly by 
thousands of physicians. 

A PRODUCT OF JOHNSON & JOHNSON 



LOW CHLORINE POTENTIAL 


This pliYSical represenlalion of ihe molecular. 

itructure of N-N’-D'icWorooiodlcorbonom^dme 

(AZOCHLORAMID) visualizes the system of 
ohcrnoting double bonds which is responsible 
for the smoK quantities of chlorine liberated in 
Aiochloromid medications at any one time. 
This characteristic is spoken of as '*Low Chlo- 
rine Potential” and explains the properties of 
Aiochloromid — stability, sustained potency in 
the presence ol organic matter and lack of odor. 

These properties insure that o wound dressed 
with Aiochloromid is constantly bathed in o 
solution which octs os o reservoir for the grad- 
ual liberation ol free chlorine— sufficient to Vilf 
boctorio but telotively non-lrritoting. 

Used os recommended Aiochloromid is ex- 
ceptionally economical. Dressings moy be 
moistened rather than soturoted with the solu- 
tion and its prolonged efficacy when in con- 
tact with infected tissue s'ubstontioUy reduces 
the number of applications required— permit- 
ting material savings in medication, dressing 
molerlols, nursing time and ottention. 
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Viscosity is an important physical property of vaginal jellies. It 
should be uniform and fi.xed within a desirable range. The vis- 
cosity of Ortho-Gynol is determined by a dart penetrometer at 
40° C. At this temperature the desirable range was found to be 
58-62 mm. This viscosity range is maintained, with average de- 
termination approximating 60 mm. 

Ortho-Gynol is recommended and prescribed regularly by 
thousands of physicians. 

A PRODUCT OF JOHNSON & JOHNSON 
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in tile hollow of yonr hand 


P ROSTiGMiN PROPHYLACTIC safeguards 
against the appearance of gas-pains 
and distention following laparotomies. It 
provides an easy, efficient method of 
maintaining intestinal tone without 
hyperperistalsis. The by-effects that may 
follow injection of peristaltic stimulants 
are conspicuous by their absence. 
Summarizing a report of 249 cases 


geon, and the fact that it has been found 
to be an effective prophylactic against dis- 
tention resulted in the use of Prostigmin 
being made a routine procedure in the 
surgical division of this hospital." 

PROSTIGMIN PROPHYLACTIC, ampuls, 1 CC 
(1:4000 solution). Usual schedule of ad- 
ministration: 1 ampul every 6 to 8 hours, 

beginning24 hours before operation, until 


(Western Joumalof Surgery, Qynecology,and the critical period is passed. 


■Obstetrics, 45:458) the author 
said, in part, thefolIowing;"The 
feeling of security which its use 
.gives to both patient and sur- 
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1 CC (1:2000 solution). For ircat~ 
ment of distention and ileus: 
1 to 2 ampuls p.r.n. 
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